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PREFACE. 



— « — 

The muieral wealth of this kingdom had become 
of such great importance, about half a century ago, 
as to induce Mr. T. Femcick, of Dqyton, in the 
County of Durham, to compose a Treatise on Sub- 
terraneous Surveying (which forms the basis of the 
present Work) for the use and instruction of young 
men designed for the profession of mining agents 
and surveyors, usually called colliery viewers : much 
more, then, is such a treatise now necessary, as these 
mineral productions have, up to the present time, 
been more than quadrupled in value ; and by the more 
general diffusion of mathematical, philosophical, and 
mechanical science, the working of mines has been 
conducted with greater skill and precision for the full 
development of their vast wealth. 

The general use of the mappietic needle in subter- 
raneous surveys has been found to be a great source 
of error, on account of ferruginous substances (which 
exist in almost all mines) attracting the needle, and 
causing it to give erroneous indications; whence, in 
general, old surveys are found to be extremely defec- 
tive. Indeed, Mr. Fenwick himself was so sensible 

h 
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of this deficiency of the needle, that he proposed, in 
the Second Edition of his Work, about forty years 
ago, to dispense with its general use ; though he still 
proposed to use it, at the first departure, or com- 
mencement of the survey, from the top to the bottom 
of the shaft of the mine. 

This Edition of the Work contains, in a small 
compass, the essentials of Subterraneous Surveying 
in all its branches, both with and without the ^use of 
the magnetic needle ; and to make it still more useful 
to that class of men for whom it is chiefly intended 
to convey information, there are added a great number 
of explanatory figures and examples. 

Part I. contains the method of surveying, with the 
use of the magnetic needle, without attending to its 
variation, as being more readily intelligible to begin- 
ners ; and the magnetic bearings being, at the same 
time, at once adapted to the use of the Traverse 
Tables. This part is arranged after Mr. Fenwick's 
plan (whose method and examples are still retained), 
in the following order : — 

1. Geometrical problems. 

3. Theorems, and the methods of conducting sub- 
terraneous surveys. 

3. Of determining the magnitude of angles. 

4. Of determining bearings, and reducing angles 
to the bearings which they form with the magnetic 
meridian, with a rule and examples. 
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5. The method of reversing bearings. 

6. Of reducing bearings to the angles they form 
with the magnetic meridian, with rules and examples ; 
and the manner of finding the magnitude of the angle 
that two bearings form with each other. 

7. The method of reducing bearings and distances 
to the northing or southing, and easting or westing, 
they contain, by the Traverse Table, with a rule and 
examples. 

8. The manner of surveying subterraneous exca- 
vations with the form of the survey -book. 

9. The method of taking back sights. 

Paht II. — In this part, which treats extensively on 
conducting subterraneous surveys, without the use of 
the magnetic needle, Mr. Fenvidck’s examples are in 
several cases retained, with full directions for adapting 
them to the new method (they being already adapted 
to the use of the Traverse Table), which will con- 
stitute a useful exercise for the student in transferring 
the angles from, their magnetic bearings to the angles 
which one line makes with the preceding one, as 
taken by the theodolite. This part has the following 
arrangement : — 

1. Mr. Fenwick’s method of subten’aneous sur- 
veying, without the use of the needle, except at the 
first departure or commencement of the survey. 

2. Mr. Baker’s method of commencing the survey by 
suspending two weights down the shaft in the direction 
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of the first headway, and marking the same direction 
on the surface ; and afterwards conducting the survey 
with the theodolite, without the use of the needle. 

3. Mr. Beauland’s method of making the commence- 
ment of the survey by the help of a transit instrument, 
not using the needle, as in Baker’s method. 

4. Plotting and protracting surve}'s in various ways. 

5. Of reducing the bearings and distances of a 
survey into one common bearing and distance, or any 
number of bearings and distances fewer than those 
that compose the survey, whether the angles be taken 
with the needle, or the theodolite independent of the 
needle. 

G. The method of plotting on the surface in various 
ways. 

7. The method of making the survey where the 
excavation inclines from the horizon. 

8. A promiscuous collection of practical examples, 
some of which relate to tunnelling. 

Pakt III. contains subterraneous surveys, under the 
necessary attention to the magnetic variation of the 
needle. As the magnetic meridian has been found to 
be in a state of variation from the true meridian for 
upwards of 300 years, and stiU continues to vary, 
therefore surveys made by the circumferentor, or any 
other instrument under magnetic influence, must vary 
accordingly as that meridian varies. For instance, 
suppose the bearing of any one known object to have 
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been taken from a given point by the magnetic 
meridian in the year 1700, and recorded; and if the 
bearing of the same object be now retaken by the 
magnetic meridian from the same given point, these 
two bearings will be found, on comparison, to differ 
about 14°, the magnetic meridian having in that time 
changed tluis far in its direction (see table, p. 90). It 
is also well known to directors of mines that the plans 
of their excavations, on examination, are always found 
to be erroneous, — some even to a great extent. This 
frequently misleads the miner, adding expense to his 
subterraneous pursuits, and the cause of such errors 
originates through his inattention to the variation of 
the needle in the plotting from time to time of his 
surveys. 

This part, therefore, shows the method of rectifying 
the bearings of old surveys, in order to connect them 
with those made by the scientifically correct method 
laid down in the second part of this work. 

The third part is thus arranged 

1. Axioms and observations. 

2. The method of finding the true and invariable 
meridian. 

3. To determine the variation of the needle of the 
circumferentor or other instrument used in sur- 
veying. 

4. To reduce bearings taken by an instrument, the 
needle of which has any known variation, to bearings 

with the true meridian, with rules and examples. 

b 2 
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5. To reduce bearings from one magnetic meridian 
to bearings with any other magnetic meridian, with 
rules and examples. 

6. To find the kind of meridian by which a plan 
has been constructed, with rules and examples. 

7. On planning surveys, and finding the magnitude 
of an error in plotting, caused by inattention to the 
magnetic variation, with examples. 

8. On running bearings on the surface by the cir- 
cumferentor or theodolite without error. 

9. To determine the antiquity of a plan by its 
delineated meridian. 

10. On recording bearings. 

11. The Traverse Tables, with examples of their use. 

12. An expeditious method of calculating the pro- 
duce of coal strata of any given thickness, with 
examples. 

13. Concluding examples in mining surveying. 

Having now described the plan, and enumerated the 

heads of this publication, I must leave it to practical 
colliery viewers of scientific skill to judge of its merits 
and utility, in its present improved form ; and I trust, 
from my own practical experience in surveys of almost 
every kind during the last forty years, that the diffi- 
culties and intricacies of such a work will, to candid 
and liberal minds, be sufficiently obviated. 

T. BAKER. 
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EXPLANATION 



OP 

TERMS AND EXPRESSIONS IN THIS WORK. 



" ♦ 

Bearing to (he right or left of a meridian. A line is said to bear on 
the right or left of the north or south meridian, when it is to the 
right or left of a person, whose face is turned towards the north 
or south. 

Bearing on different sides of a meridian. Two lines are said to bear on 
different sides of a meridian, when the one bears on the east side, and 
the other on the west side thereof. 

A Bord is an excavation in a seam of coal driven in a direction across its 
fibres. 

A Drift is a narrow excavation driren in any direction in coal or stone. 

A Tleadway is an excavation in a seam of coal driven in the direction of 
its fibres. 

Different Meridians. When one line bears in a given direction with the 
north meridian, and another bears in a given direction with the south 
meridian, those lines are called bearing with different meridians. 
Also, when one line bears on the east side of the north meridian, and 
another on the west side of the south meridian, those lines are said 
to bear on different sides of different meridians, and vice versd. 
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SUBTERRANEOUS SURVEYING, 

ETC. 

PART I. 

— * — 

GEOMETRICAL PROBLEMS. 

1. — To divide a given line AB into equal parts. 

With any distance greater 
than half AB, and one foot of 
the compasses on A and B, 
describe two arches cutting 
each other in C and D ; through 
the intersecting points CD 
draw a line CD, which will cut 
AB in I into equal parts. 

2. — To draw a line parallel to a given line CD, to pass 
through any assigned point A. 

Prom tlie given point A take the nearest distance to the 
given line CD ; with that Ff6;2.. 

distance, and one foot of ^ ^ ^ 

the compasses, any where 

towards C describe an / \ / 

arch 0 ; through A draw 
a lino AB, just to touch 

tlie arch 0 in O ; and the line AB will be the parallel 
required. 

B 
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3. — To raise a perpendicular from a given point P in a given 

line AB. 

From the given point P describe the arch FD ; take PF, 

and set from F to C, and from 

FIG. 3. ^ , 

. o, C to D ; tlien with any con- 

, venient distimco from C and 

D describe the arches O, and 
^ through their point of inter- 

' section from the point P draw 

^ I L B perpendi- 

** cular required. 

4. — To raise a perpendicular from a given point A, at the end 

of a given line AB. 

Set one foot of the compasses on A, and extend the 
FIG. 4. other to any point C, above the 

p / line AB ; on the centre C describe 

/ the semicircle FAP, to cut AB 

; ^ j draw FC cutting the semi- 

\ , circle in P ; then draw AP, which 

a 1 ^v"' - ^ will be perpendicular to AB. 



FIG. 4. 



5 . — From a given point P to let fall a perpendicular upon a 
given line AB. 



FIC 5 

f P 






On the given point P as a 
centre, describe the arch EF to 
cut AB in E and F; with any 
convenient distance, and one foot 
of the compasses on E and F, 
describe two arches to cut each 
other in I; through P and I 
draw PI, which is perpendicular 
to AB. 
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0 . — To make an angle ABC equal to 
With any convenient extent of the 
foot on D, draw the arch FG ; 
equal to the measure of the 
given angle D draw a line BC, ° 
and with the distance DF de- 
scribe the arch HI ; then make 
the arch HI equal to the arch 
FG, and through I draw the line ^ 
BA, forming the angle ; — so the 
angle ABC is equal to the angle 
CDE. 



a gieeii angle CDE. 
eomp.'isses, and one 

n Q . 6 . 




7. — To Jag down an angle FDG equal to any determined 
numher of degrees, which suppose 35° 

Draw the line DF at pleasure, and with GO’ off the scale • 
of chords describe the arch 
Eli on the centre D ; from 
the same chords take 35° 

(the quantity of the angle), 
and lay upon the arch from E 
to II, through which from D 
draw the line DG, and the 
angle FDG will contain just 
33?. 




8. — To determine the numher of degrees contained in any 
angle, suppose angle FDG. 

Witli 60°, taken from the scale of chords, describe the 
arch EH ; then extend the compasses from E to H, and 
observe, on the same line of chords, what number of degrees 
the extension measures, — which will be the measure of the 
angle EDH. 

Or, apply the centre of the protractor to the angular 
point D, and bring its straight edge upon the line DF, and 
the degree the other line cuts on the divided arch is the 
measure of the angle. 

E 2 
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1. Every right angle, as ACB, contains 90 degrees or 

equal parts. 

2. Every circle ABDE, 
is supposed to have its peri- 
phery divided into , or to con- 
tain, 360 equal parts, called 
degrees, — and those degrees 
■is are divided into 60 equal parts, 
called minutes, — and each mi- 
nute is divided again into 60 
equal parts, called seconds, &c. 

3. Every circle AD, con- 
tains four right angles, at 
angles ACB, BCD, DCE, and EGA, which, from theorem 
1, must contain 90*^ each . 

4. Every semicircle EAB, contains two right angles, as 
angles EGA and ACB, which, from theorem 1, must contain 
90° each. 

Draw the diameter AD, which will divide the circle 
EABD into two equal parts EAB and EDB, each con- 
taining a semicircle, or 180° ; 
if, therefore, a line AC be 
drawn perpendicular to EB 
from the centre C, it will 
divide the semicircle EAB iato 
two equal parts, making two 
right angles EC A, ACB. 

5. If anj' right line AY 
stands upon another right line 
DZ, it will make therewith 
two right angles, or two angles 
whose sum is equal to two 
rights angles. — (Euc. b. 1, p. 13.) If a line AT, be 
drawn from any part Y of the circumference to A, it will 



FIG. 9. 
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divide the semicircle DXZ into two unecjual parts, making 
the angles DAY, YAZ, unequal ; but these two angles are 
equal to a semicircle, or two right angles. 

6. If two right lines IL, KM, intersect each other, the 

opposite angles A and C, as also B fig .iq. 

and D, are equal ; that is, the angle 
A = the angle C, and the angle B 
= the angle D. — (Euc, h. 1, p. 

15.) 

7. If a right line OE, cuts two 
parallel right lines NP and SQ, the 
alternate angles NaE, QbO, are 
equal, and consequently the lines 
parallel. — (Euc. b. 1, p. 29.) 

8. If any side of a right-lined no ii. 

triangle he continued, see fig. 12, 
the external angle is equal to 
the sum of the two opposite in- jj 
temal ones. — (Euc. b. 1, p. 32.) 

Let DST be the given tri-- ^ 
angle ; then the Z. STZ is = 

Z. SDT -f Z DST, = the sum 
of the opposite internal angles. 

9. The three angles of 
any triangle are together 
equal to two right angles, 
orl80°— (Euc.b.l, p. 32.) 

See fig. 12. 

In the triangle STTJ, the 
Z. STU + A TSU + Z u 
SUT = 180°, or two right angles. 

10. The sides of similar triangles are proportional, and 
the angles subtended by proportional or equal sides arc 
equal. — (Euc. b. 6, p. 45.) 

11. In any four- sided right-lined figure, called a square 
parallelogram, rhombus, trapezium, &c., the sum of the 
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four angles is equal to four right angles, or 360°.— (Euc. 
b. 1, p. 82.) 

12. The s\im of all the angles of any right-lined figure 
(though it contain never so inany sides) is equal to double 
as many right angles, abating four, as tfiere are sides in 
the figure. — (Euc. b. 1, p. 32.) 

13. In right-lined triangles, equal sides subtend equal 
angles (Euc. b. 1, p. 5). The greatest side subtends the 
greatest angle (Euc. b. 1, p. 19), and the least side sub- 
tends the least angle. 

14. An angle in a semicircle is a right angle ; or if two 

n & , 1 3 . lines, as TE, SR, be drawn from T 

and S (the ends of the diameter) 
to E in the circumference, they 
will form a right angle TES. — 
(Euc. b. 3, p. 31.) 

15. In any right-angled tri- 
angle, the square of the hypo- 
thenuse (or longest side) is 
equal to the sum of the squares 
of the other two sides or legs. 




N nc.i-T. 



— (Euc. b. 1, p. 47.) 

16. The compass is divided into four cardinal points, 
called north, south, east, and west ; the two first, north and 
south, are formed where the meridian cuts the horizon, — 

and the other two, east and west, are 
each 90 degrees distant from the 
points north and south ; therefore 
they divide a circle into four equal 
parts of 90 degrees each. 

17. When the face is turned to 
the north N, the right hand is to- 
wards the east E, and the left hand 
towards the west W ; and when the 
face is turned towards the south S, the right hand is 
towards the west W, and the left hand towards the east E. 



w- 
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Is. The magnetic meridian is that line in which the 
magnetic needle of the compass settles ; and every par- 
ticular placep on the earth has its respective magnetic 
meridian. 

19. The magnetic needle is here assumed to retain its 
parallelism in every situation within the limits of a sub- 
terraneous survey. 

If in the situation A, a magnetic needle is placed, and 
is found to settle in the direction of ab, — if the same 
needle is removed to B or C, it will settle 
itself in the direction of ci and < 5 ^, both FIG. 1 5. 

parallel to ab. But the magnetic meri- 
dian of places very distant from each 
other will not be parallel ; for the mag- 
netic meridian of London will vary a 
few degrees from its parallelism with that 
of Edinburgh. The magnetic needle has a , ^ 
small diurnal variation, being greatest about 
noon, also a small annual variation, which ABC 
seldom exceeds a few minutes of a degree. 

' ! 

; j ; 

Part First of this work consists of the i j 

manner of surveying under-ground, with- ; ! 

out attending to the magnetic variation | 

of the needle, — with several easy and ex- i i f 

peditiouB modes of plotting the same. 

The instruments used in subterraneous suiweying ai’e 
^ the circumferentor, the theodolite, Gunter’s chain, in the 
coal mines, wliich contains 100 links. In the lead mines, 
a chain, divided into 100 feet, is now frequently used 
instead of Gunter’s chain. 

The manner of conducting a subterraneous survey by the 
magnetic needle. 

(1.) Place the circumferentor, or instrument used, where 
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the survey is intended to commence ; then let a person 
go forward in the direction of the line to be surveyed, 
with a lighted candle in his hand, to the utmost distance 
his light can be seen through the sights of the instrument ; 
its bearing then is taken by the circumferentor (the 
manner of talcing bearings will be shown hereafter), and 
noted down in tlie survey book ; proceed then to take 
the distance of the light or object from the instrument ; 
remove the instrument, and let a person stand on the exact 
spot where it stood, holding in his hand one end of the 
chain, while another, going towards the object, holds the 
other end, together with a lighted candle, in the same 
hand ; then being directed by tlie former until that hand 
which holds the candle and the chain is in a direct line 
witlx the object or light whose bearing was taken, there 
mark tlxe first chain ; then he that stood where the instru- 
ment was placed comes forward to the mark at the end of 
the first chain, the other advancing another chain forward, 
with tlie candle and chain in the same hand, directed as 
before, there mark tire second chain, — so proceeding in 
the same kind of way until the distance of the object is 
determined, which being noted down in chains and links 
in the sun ey book, opposite to the beaidng, then the first 
bearing and distance is completed: — Fis the instrument 
again where the light, as an object, stood, or at the ter- 
mination of the preceding bearing and distance, and take 
the second bearing, by directing the person to go forward as 
before, so far as his light can be seen, or at any shorter con- 
venient distance, and proceed as before until the whole is * 
completed. 

There should not be fewer than five people employed in 
such surveys, to carry forward the work with expedition, 

— viz., one to carry forward the survey, and make the 
necessary observations and remarks ; another to carry the 
instruments ; another to direct the chain ; another to lead 
it ; and another to go forward with a light, as an object, 
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from station to station. During the time of making the 
survey, be careful in not admitting any iron, steel, or otlicr 
ferruginous substance, within ten feet of the instrument, 
for fear of attracting the needle ; I have seen the needle 
affected at almost twice the above distance, by a very massy 
piece of iron. Also if the glass of the instrument stand in 
need of cleaning, it must be rubbed as gently as possible, 
and not with any silken substance, for that will be apt 
to excite electrical matter, which will prevent the needle 
from traversing ; but if that matter should be excited, it 
may be very easily discharged, by touching the surface of 
the glass with the wet finger. 

In order for familiarising the young miner with this 
system of surveying, previous to his practising it in mines, 
it would be necessary for him to fix up a number of marks 
on the surface, and afterwards take their bearing and dis- 
tance from each other, according to the method before 
directed. But to approach nearer to the form of subter- 
raneous surveying, it would be much better to do it at 
night, by the assistance of candle-light; many favourable 
evenings might be found for this mode of practising. 
Should the current of air be too strong for the naked flame 
of the candle, lanterns may be used. 

To find the magnitude of angles. 

(2.) Every circle, ABCD, is supposed to contain 300' 
(see theorem 2) ; each semicircle DAB and DCB contains 
180° ; and each quadrant AB, BC, CD, and DA, contains 
90°. Draw the line ah ; and if Z AaJ contains 50° Z Dai 
must contain 90° — 50° = 40°, and Z iaC must contain 
180° — 50° = 130° (see theorem 5). Also if ah makes 
an angle of 50° w'ith the line AC, and ad an angle of 30° 
with the same line, the semicircle ADC containing 180°, 

Z Aai = 50° -I- Z Gad = 30° = 80°, then 180° - 80°, 
leaves 100° = Z had. Or thus, Z AoD = 90°; then ' 

B 3 
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90° _ 50<^ /I Aab = 10” ^ ha\) ; also /L DoC = 9U° ; 



FIG. IS. 
A 




c 



then 90” — 30° L daG r= 00" 
Z. J)ad\ consequently /_ ba)J 

= 40° + Z Dai = 60° = 
100° Z bad, as before. If ab 
make an angle of 50° with cA, 
and ac make another angle of 
B 75° with the same line aA, 
then the Z cab = 76° — 50° 
= 25° ; and if ab make an an- 
gle of 50° with aA, and ac an 
angle of 25° with the line ab, 
then 50° + 25° = 76° Z Aar. 



— (Euc. b. 1, p. 15.) 



The manner of determining bearings, and also reducing 
angles into bearings. 

(3.) The instrument used in subterraneous surveying is 
the circumferentor, mentioned ns before, whose effect 
depends on the magnetic needle ; and the directions, 

courses, or bearings, are 
recorded according to 
the angles these direc- 
tions make with the 
magnetiemeridian. (Tlie 
magnetic meridian is the 
north and south line, as 
E pointed out by the mag- 
netic needle ; see theo- 
rem 18.) 

If we pass round from 
the north N, to the east 
E, and continue moving 
from the east to the 
south S, and from thence to the west W, and lastly from 
the west to the north N, from whence we first of all set out, 
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we shall have made a circuit NBSWN of 360°, which all 
circles are upposed to contain (see theorem 2) ; and as there 
are four caj:dinal points (see theorem 16) in that circle, 
north, east, south, and west, dividing it into four equal parts, 
consequently from north N to east E subtends an angle 
of 90° ; from east E to south S subtends an angle of 90° ; 
irom south S to west W subtends an angle of 90® ; and 
from west W to north N subtends an angle of 90°. Now 
let NE, or the distance between north and east, — also ES, 
or the distance between east and south, — also SW, or the 
distance between south and west, — and also WN, or the 
distance between west and north, bo each divided into 90 
equal parts or degrees, then a line in direction of CN may 
be called due north, — and another in direction of CS may. 
be called due south, — another in direction of CE may be 
called due east, or north 90° east, or south 90° east, — and 
another in direction of CW may be called due west, or 
north 90° west, or south 90° west ; likewise the line CD 
passing between S and W, or between south and west, 
is called south 50° west, being 50° towards the west from 
south, or to the westward or right-hand (see theorem 17) 
of the south meridian line. The line CF passing between 
N and W, or between north and west, is called north 20° 
west, being 20° towards the west from north ; tlie line CA 
passing between N and E, or between north and east, 
is called north 30° east ; and the line CB passing between 
S and E, or between south and east, is called south 50° 
east ; for the bearing of any object from any point or place, 
taken by the circumferentor, is only the angle that object 
makes with the magnetic meridian of that point or place 
from which the -bearing is taKen : Therefore, if the bearing 
of B from C is required, it is nothing more than the 
direction and angle that B makes with the magnetic 
meridian of C ; CS is supposed the magnetic meridian 
of C, and BCS is the angle the object makes with that 
meridian. 
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Let WE, represent a circumferentor, and NS tbe magnetic 
needle suspended on the pivot c as its centre of suspension 
and centre of motion ; AB are two horizontal arms fixed 
opposite to each other on the instrument; on the extremity 




of each arm is the sight d and e perpendicular thereto, 
through wliich is seen the object whose bearing is wanted ; 
The inner part of the circle to which the needle points is 
divided into degrees, beginning at N, and numbered to 90 * 
each way to AV and E ; and also beginning at S, and 
numbered to 90 each way to the same points W and E. 
The whole of the instrument is fixed on a stand, having 
a ball and socket to allow of its being kept level and 
turned freely round. This iifetrument is manufactured in 
great perfection by Messrs. Elliott, Brothers, 30, Strand, 
London. 

To find the bearing of the line cE, let the centre of the 
instrument be fixed at c ; then turning it round so that the 
eye of the observer may see F through the si^ts mn, the 
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needle always continuing in the same position, or preserving 
its parallelism, howsoever the instrument and sights a'^e 
turned, the en4 N of the needle, which, before the sights 
were moved, pointed to north N, will, on the sight 
being moved in direction of cF, point to h 30°; for h 
will be brought to the situation of N ; then the angle 
will be 30°, which is the bearing of F with the north 
magnetic meridian, and on being found to incline to the 
right, — therefore, from theorem 17, the bearing of F will 
be north 30° east, which is usually written 27 30° E. 

Again, suppose the bearing of G from c is wanted, turn 
the arms and sights ed in the situation of po, that isj in 
direction of cG, and the angle 27^ will be 50°, — for the ' 
number of 60 at Jc will be opposite the end 27 of the needle ; 
therefore, from theorem 17, the bearing will be found to 
be 27 50° E. 

To find tohat point of the compass an object bears on, when its 

direction, with respect to the magnetic meridian, is given. 

(4.) Ruee. — T f the given angle that the object makes 
with the magnetic meridian is to the right of the north, the 
object will bear to the east of that meridian ; if to the left 
of that meridian, the object will bear to the west of it. 
Also, if the given angle that the object makes with the 
magnetic meridian is to the right of the south, the object 
will bear to the west of that meridian ; if to the left, it will 
bear to the east of it. — See theorem 17. 

Example I. — If I find an object makes an angle to the 
right of 25° with the magnetic meridian, when I face the , 
north, what is the bearing of that object with that meridian ? 

From the rule, the object will bear 27 25° E. 

Example II. — If I find an. object makes an angle to the 
left of 30° w ith the magnetic meridian, when I face the 
north, what is the bearing of that object with that meri- 
dian P 

The object will be N 30° W. 
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Example 111. — If I find an object makes an angle 
to the right of 30° with the magnetic meridian, when I face 
the south, what is the hearing of that object with that 
meridian ? 

The object will bear S 30° W. 

Example IV. — If I find an object makes an angle to 
the left of 25° with the magnetic meridian, when I face 
the south, what is the bearing of that object with that 
meridian ? 

The object will bear S 25° E. 

Example V. — If I find an object makes an angle to 
the right of 87° with the magnetic meridian, when I face 
the south, what is the bearing of that object with that 
meridian ? 

The object will bear S 87’ W. 

Example VI. — If I find an object makes an angle of 
86° to the right with the magnetic meridian, when I face 
the north, what is the bearing of that object with that 
meridian ? 

The object will bear N 86° E. 

Example VII. — If I find an object makes an angle of 
89i° to the right writh the magnetic meridian, when I face 
the north, what is the bearing of that object with that 
meridian ? 

The object will bear N 89^° E. 

Example VIII. — If I find an object makes an angle 
of 2° to the left with the magnetic meridian, when I face 
the south, what is the bearing of that object with that 
meridian ? 

The object will bear S 2° E. ^ 

Example IX. — If I find an object makes no angle with 
the magnetic meridian, when I face the north, what is the 
bearing of that object with that meridian ? 

The object will bear due north, or will be in the direction 
of the magnetic meridian. 

Example X. — If I find an object makes an angle of 
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20° to the right of another object which makes an angle 
of 15° to the right with the magnetic meridian, when I face 
the north, what is the l^aring of the first object with that 
meridian ? 

The object will bear (20 + 15 = 35) N 35° E. 

Example XI. — If I find a line makes an angle of 30' 
to the right of another line which forms an angle of 60° 
to the left with the magnetic meridian, when I face the 
north, what is the bearing of that object with that 
meridian ? 

The line will bear (60°-30° = 30®) N 30° \Y. 

The reversing of hearings. 

(5.) If the bearing of N from S is found fici^ 

to be due north, the bearing of S from N 
will be due south, — just the reverse of the 
former; and if the bearing of B from S is 
found to be N 20° E, the bearing of S 
from B w ill be S 20° W, — the reverse ; afW 
so of 4 uy other. 

s 

To reduce hearings into angles. 

(6.) Suppose the line CD to bear N 50° E with the 
magnetic meridian N CS 
(north being represented b}^ 

N, and south by S), then 
CD will make an angle of 50° 

N CD with the north magne- 
tic meridian CN ; and with 
the south magnetic meridian 
CS it will make an angle of 
180° - 50° NCD = 130° 

SCD (see theorem 6) : And if 
the line ' CF bear S 30° E 
with the magnetic meridian, 
it will make an angle of 30“ SCF with the south magnetic 
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meridian CS ; and with the north magnetic meridian CN it 
will make an angle of 180°— 30° SCF = 150° NCF : Also if 
the line CE bear due east with the i#agnetic meridian, it will 
make an angle of 90° NCE, or SCE, with that meridian ; for 
east or west always forms an angle of 90° with the meridian 
(see theorem 16) : Or if the line CD bear N 50° E from the 
point C, and that of CrfN 80° E from the same point C, 
then these two bearings being both of the same side of the 
same meridian, will form an angle with each other of 80° — 
50° = 30° /. DCi: Or if the line CD bear N 50° E from 
the point C, and that of CFS 30° E from the same point 
C, then these two bearings, being both of the same side of 
different meridians, will form an angle with each other of 
180° - 5^°' + 3(^ = 100 °ZdCF : Or if CD bear N 60° E 
from the point CaN 25° W from the same point C, then 
these two bearings, being of different sides of the same 
meridian, will form an angle with each other of 50° + 25° 
= 76° Z DCa : Or if Ca bear N 25° W from the point C, 
and CFS 30* E from the same point C, then these two 
bearings, being of different sides of different meridians, will 
form an angle with each other of 180° — 30° Z SCF + 25° 
NCa=175°Z aCF, or 30° — 25° = 5°; which difference 
being taken from 180°, leaves 175° Z oCF, as before : Or if 
Cc bear N 30° W from the point C, and that of CFS 
30° E from the same point C, then the one bearing as 
much to the west side of the north meridian as the other 
docs to the east side of the south meridian, they will form 
no angle at all, but a direct line, with each other, or 30° — 
30° = 0°; which taken from 180°, leaves 180°, which, as 
before, shows they form a direct line. (See theorems 4- 
.and 5.) 

(7.) If the magnitude of the angles B and C is required, 
which is formed by the bearing AB taken from A to B, 
S 50° E ; of the bearing BC taken from B to CS 45° W ; 
and of the bearing CD taken from C to D, S 20° E ; now 
to render the two bearings which form the Z B to bearings 
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taken from that angular point, the bearing AB, which is the 
bearing of B from A, must be made the bearing of A from B, 
by reversing it (Art. 5) : Then the 
Z. B is the angle formed by the 
bearings N 50” W, and S 45° W ; 
which bearings, being on the same 

side of different meridians, will form . p. — -e 




an angle of 180° — 50° + 45° = 85° 

/. B : And by reversing the bearing w c 

BCS 45° W, the Z. C will be the 
angle formed by the bearing N 45° 

ECB, and S 20° ECD ; which 
bearings, being on the same side of different meridians, will 
form an angle of 180° — 45° + 20°=rll5°Z. C. In determin- 
ing the magnitude of angles formed by bearings, those 
bearings which compose the angles must be supposed to be 
taken from the angular point. 



To find the number of degrees contained in the angle that any 
given bearing makes with the magnetic meridian. 

(8.) Eule I. — The number of degrees of the bearing will 
be the magnitude of the angle that bearing forms with the 
meridian it is taken from ; and the same number of degrees, 
taken from 180°, leaves the number of degrees contained 
in the angle the same bearing makes with the contrary 
meridian. 



To find the number of degrees contained in an angle formed 
by two given bearings taken from the same point, when they 
are both on the same side of the same meridian. 

Eule II. — From the number of degrees contained in the 
one of the bearings, take the number of degrees contained 
in the other, and the difference will be the number of degrees 
contained in the angle formed by the two bearings. 
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To jind the number of degrees contained in an angle formed hg 
two given bearings taken from the same point, when they 
are both on the same side of different meridians. 

liuLE III. — Take the sum of the degrees contained in 
the bearings from 180°, and the remainder will be the num- 
ber of degrees contained ‘in the angle formed by the two 
bearings. 

To find the number of degrees contained in an angle formed 
by two given bearings taken from the same point, when they 
are on different sides of the same meridian. 

Bule IV. — The sum of the degrees contained in the 
bearings is the number of degrees contained in the angle 
formed by the two bearings. 

To find the number of degrees contained in an angle formed by 
two given bearings taken from the same point, when they 
are on different sides of different meridians. 

Bule V. — Take the difference of the number of 
degrees contained in the bearing from 180°, and the re- 
mainder will be the number of degrees contained in the 
angle formed by the two bearings. 

To find the number of degrees contained in any angle ichich is 
formed by given bearings not taken from the angular point. 

Bule VI. — Eeduce the bearings which compose the 
angle required into bearings taken from that angular point 
(which is done by reversing one of them ; Art. 5) then by 
the preceding rules find the number of degrees contained 
in the angle required. 

Example I.— In the bearing N 5° W, what is the mag- 
nitude of the angle formed with that bearing and the north 
magnetic meridian ? 

From rule 1, Art. 8, the bearing will form an angle of 5° 
wth the north magnetic meridian. 

Example II. — In the bearing S 65° E, what is the 

H 
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magnitude of the angle with that bearing and the south 
magnetic meridian ? 

The bearing will form an angle of 65° with the south 
magnetic meridian. 

Example III. — In the bearing S 20° W, what is the 
magnitude of the angle with that bearing and the north 
magnetic meridian? 

Erom rule 1, Art. 8, from 180° — 20°= 160°, the mag- 
nitude of the angle formed with the north magnetic 
meridian. 

Example IV. — In the bearing N 80° E, what is the 
magnitude of the angle with that bearing and the south 
magnetic meridian ? 

From 1 80° — 80° = 100°, the magnitude of the angle 
formed with the south magnetic meridian. 

Example V. — In the bearing due east, what is the mag- 
nitude of the angle with that bearing and the south, and 
also north, magnetic meridian ? 

The bearing will form an angle of 90° with both the south 
and north magnetic meridians. (See theorem 16.) 

Example VI.— In a bearing N 60° E, and anothe^N 
80° E, both taken from the same point, what is the mag- 
nitude of the angle formed by the two bearings with each 
other ? 

From rule 2, Art. 8, the bearings being on the same side 
of the same meridian 80° — 50° =30°, the magnitude of the 
angle formed by the two bearings. 

Example VII. — In a bearing S 60° E, and another S 10° 
E, both taken from the same point, w’hat is the magnitude 
of the angle formed by the two bearings with each other? 

60° — 10° = 50°, the angle that the two bearings will form 
with each other. 

Example VIII. — In a bearing S 80° B, and another 
N 50° E, what is the magnitude of the angle formed by 
the two bearings with each other, when they are both taken 
from the same point ? 
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From rule 3, Art. 8, the hearings being on the same side 
of different meridians, then 180° — 30°+ 50°z^ 100°, the mag- 
nitude of the angle formed by the two bearings. 

Example IX. — In a bearing N 80° W, and another 
S 85° W, what is the magnitude of the angle formed by 
the two bearings with each other, when they are both taken 
from the same point ? 

180° — S0°-l-85° = 15‘’, the magnitude of the angle formed 
by the two bearings. 

Example X. — In a bearing N 50° E, and another N 
•10° W, what is the magnitude of the angle formed by the 
two bearings with each other, when both taken from the 
same point ? 

From rule 4, Art. 8, the bearings being on different sides 
of the same meridian, then 50°+40° = 90°, the magniftide of 
the angle formed by the two bearings. 

Example XI. — In a bearing S 10° "W, and another S 5° 
E, both taken from the same point, what is the magnitude 
of the angle formed by the two bearings with each other ? 

10° + 5° = 15°, the angle formed by the two bearings. 

Example XII. — In a bearing N 50° E, and another 
8*0°^, both taken from the same point, what is the 
magnitude of the angle formed by the two bearings with 
each other ? 

From rule 5, Art. 8, the bearing being on different sides 
of different meridians, then 50° — 30°= 20°, which taken 
from 180° =160°, the magnitude of the angle formed by the 
two bearings. 

Example XIII. — In a bearing S 60° W, and another 
N 86° E, both taken from the same point, what is the 
magnitude of the angle they form with each other ? 

180° — 86“ — 60° = 154°, the magnitude of the angle formed 
by the two bearings. 

Example XIY. — In a bearing S 80° W, and another 
N 5° W, both taken from the same point, what is the mag- 
nitude of the angle formed with each other ? 
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180°— 80° — 5° = 105°, the magnitude of the angle formed 
by the two bearings. 

Example XV. — In a bearing N 20° W, and another 
S 20° E, both taken from the same point, what is the mag- 
nitude of the angle formed with each other ? 

180° — 20° — 20°= 180° ; therefore the two hearings form 
no angle, but a direct line, with each other. 

Example XVI. — Suppose the bearing ABS 50° E, fig. 
Art. 7, taken from A to B, and BCS 45° W, taken from 
B to C, required the magnitude of the angle B formed by 
those two bearings ? 

The two bearings which form the angle are not taken from 
the angular point B, the leg AB being taken from the point 
A : Therefore, from rule 6, Art. 8, by reversing the bearing 
ABS 50° E, to BAN 50° W, the angle B will then be formed 
of two bearings taken from the same angular point (viz.) 
BAN 50° IV, and BCS 45° W ; which bearing on the 
same side of different meridians, from rule 3, Art. 8, will 
be 180° — 50° 4- 45° = 86°, the magnitude of the required 
angle. 

Exa-Mple "XVII. — In the bearing BCS 45° W, fig. 
Art. 7, taken from B to C, and CDS 20° E taken from 
C to D, required the magnitude of the angle C formed 
thereby ? 

The two bearings which form the angle are not taken 
from the angular point C ; Therefore, from rule 6, by 
reversing BCS 45° W to N 45° E, the angle C will then 
be composed of two bearings taken from that angular 
point, N 45° E, and S 20° E ; which bearing on the same 
side of different meridians, from rule 3, Art, 8, will be 
180° — 45° -h 20° = 115°, the magnitude of the required angle- 

The reducing of hearings and distances to their northing 

or southing, and easting or westing, from the point of 

departure. 

(9.) Suppose it is required to know how far B is uorth- 
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ward of A. If SN represent the meridian, Aa will be the 
northing of B from A, and aB, or Ah, will he its easting, 
or w'hat B is eastward of the meridian of the 
point A. 

If we pass from any point A to B (iig. 23), 
and from B to C, and from C to D, 'and 
from thence return to the point A again, our 
route will have as much southing as northing, 
and easting as westing ; that is, the southing 
will be equal to the northing, and the easting 
Avill be equal to the westing. Let SN repre- 
sent the meridian of A, the point of depar- 
ture; the northing of AB from that point 
will be represented by Aa, the northing of 
ABG by Ai, that of ABCD by Ac ; and as the northing 
of D from A is equal to Ac, the southing of A from D 

wiU be equal to De = cA 
therefore the southing will 
be equal to the northing of 
ABCD A: Also let the westing 
of AB from the meridian of 
A be represented by aB, that 
of ABC by iC, that of ABCD 
by cD ; then as the wresting of 
D from the meridian of A is 
equal to cD, the easting of A 
from D will be equal to eA 
=■ cD : Therefore the easting 
will be equal to the westing 
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To find the northing or southing, and also the easting or 
toesting, of any given bearing and distance. 

(10.) Ettle. — Look in the traverse tables, under the 
degree answering to that of the bearing : and to the right, 
opposite the length of that bearing (in the column' of dis- 
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tances), will be lound the quantity of northing or southing, 
according aa the bearing is north or south, — and also the 
easting or westing, according aa the bearing is east or west. 

Note. — ^When the given distance consists of chains and links, ami the 
angles of degrees and minutes, the method of finding the northing or 
southing, and the easting or westing, is given in Art. 69. 

Example I. — What is the northing and easting of the 
bearing and distance N 40° E 10 chains ? 

Look in the traverse tables, under 40°, and opposite 10 
chains, in the column of lengths, is found 7 chains 60 links 
of northing, and 6 chains 43 links of easting (the links arc 
usually written after the chains as decimals, see next 
Example). 

Example II. — What is the northing and westing of If 
10° W 6‘50 chains from the point of commencement, or 
point of departure ? 

Its northing is 6*40 chains, and its westing is 1*13 chains. 

Example III. — What is the southing and westing of 
S 79° W 7*80 chains from the point of departure ? 

Its southing is 1*39 chains, and its westing 7*16 chains. 

Example IV. — What is the southing and westing of 
S 80° W 6 chains ? 

Its southing is 94 links, and its westing 6 36 chains. 

Example V. — What is the northing and westing of 
N 40° W 8*50 chains ? 

Its northing is 6*50 chains, and its westing is 5*46 chains. 

Example VI. — What is the southing and easting of 
S 5° E 6'62 chains ? 

Its southing is 6*49 chains, and its easting is 66 links. 

Example VII. — In the following successive bearings and 
distances taken from the pit A to the pit B, N 60° W 
10 chains, N 20° E 5 chains, and S 40° W 7 chains, I 
wish to know what denomination of bearing the pit B will 
have from A ; also the length of each ? 
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PEEPAEATORY TABLE. 



BEARINGS. 


NORTHING 


SOUTHING. 


EASTING. 


WE8TIN0. ! 


N 50“ W 10 chains 
N 20“ E 5 „ 

S40“W7 ,, 


Chains. 

6-43 

4-70 


Chains. 

5-36 


Chains. 

1-71 


Chains. 
7-66 1 

4-50 


11-13 

5-36 


12-16 

V71 


5-77 


10-45 



Now, a3 the northing is greater than the southing by 
5‘77 chains, and the westing greater than the easting by 
10‘45 chains, the pit will have 6’77 chains of northing, and 
10'45 chains of westing from A. 

Example VIII. — What is the northing and westing of 
the pit D from C, under the following bearings, N 20° E 
10 chains, and S 60° W 6 chains ? 



BEAKINQS. 


NORTHING. 


8 OHTH 1 NO. 


BASTING. 


VESTUIO. 




Chains. 


Chains. 


Chains. 


Chains. | 


N 20° E 10 chains 


9-40 


... 


3-42 




8 60“ W 6 „ 


9-40 

3-00 


3 00 




5-20 : 
3-4-2 1 

1-78 




6-40 









The southing being taken from the northing, and the 
easting from the westing, the pit D will Imve G'40 chains 
of northing, and 1‘78 chains of westing, from the pit C. 

Example IX. — What is the northing and easting of B 
from A under the following successive bearings, S 20° W 
10 chains, N 5 chains, N 30° E 20 chains, and N 5° E 
8 chains ? 

The pit B will have 20’89 chains of northing, and 7‘28 
chains of easting, from A. 
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Surveyiny and recording hearings. 

(11.) Suppose the bearing of ABC to be required. Set 
the circumferentor on A (the north being represented by 
N and the south by S) : then turning tliat 
part of the instrument having the Jleur-de-lis 
from you, or towards B, turn the instrument 
until the object B is seen through, and cut by, 
the hair in the sights; and the angle NAB 
being the angle that the sights and line AB 
make with the magnetic meridian NS, will be 
the bearing of B from A, — suppose 30° ; which 
also being to the right side of the north 
meridian, will be N 30° E (see theorem 17): 

Then bring the instrument forward to B, and 
fix it there, directing the same sight at B 
towards C as was directed at A towards B ; 
then observe the angle that BC makes with the 
magnetic meridian, — which suppose 25° NBC ; 
and being to the left of the meridian, will be 
In order to prove the work, and try the accuracy of the 
instrument when it is standing at B, apply the eye to that 
sight which was next B when it stood at A; then take the 
bearing of A from B, which, if found to be the reverse of 
B from A, shows the w'ork so far is true. The bearing 
of B being taken, in like manner, from C, will prove the 
truth of the survey. Observe always to take the degrees 
of each bearing by T;he same end of the needle. 

(12.) Suppose the bearing of B from A, C from B, and 
D from 0, to be required : Eix the instrument at A, with 
the Jleur~de-lis towards B (the north being represented by 
N and the south by S) ; then take the bearing of B, as 
before-described,— which suppose to make an angle of 3Q° 
NAB to the right with the magnetic meridian, or K 
30° E ; remove the instrument to B, and take the bearing 
of C, — which suppose equal to 30'’ NBC to the left, 

c 




N. 25° AV. 
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or N 30° W ; then remove the instrument to C, and 

N FlSi 25 i ^^® hearing of D, — which sup- 

pose equal to 65° SCD to the left, or 
S 65° E: See below in the survey- 
boot. 

Prom A to B, N. 80° E. 

B to C, N. 80” W. 

C to D, S. 65* E. 

Note . — This surrey may be proved in the same 
manner as the preceding ; and the methods of 
plotting and protracting subteiTaneons surveys, 
with the descriptions of the instruments used for 
the purpose, are given in Arts. 23, 24, 25 and 
26, to which the student is referred, as it would 
greatly facilitate in these studies to lay down his 
work on paper, as soon after he has finished it 
as a proper opportunity presents itself ; all the 
instruments required, in the first instance, being 
a scale of equal parts, a proti'actor, and a 

(13.) Suppose the subterraneous working ABCDA, to 

be surveyed, beginning at the pit 
A : Eix the instrument at the 
centre of the pit A ; then let a 
person hold a lighted candle at 
B, being the utmost distance it 
can be seen through the sights 
of the instrument, the bearing of 
which being*taken from A, sup- 
pose due south, or in the direc- 
tion of the magnetic meridian of 
A, — and its distance from A 
suppose 6'57 chains ; which place 
in the survey-book, as below: 
Bemove the instrument to B, where the candle stood, 
and direct the person to place the lighted candle at C ; 
then take its bearing from B, which suppose to make 
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an angle CBS of 80“ with the magnetic meridian, or to bear 
S 80° W ; and its distance being found 7‘10 chains, remove 
the instrument to C, the lighted caudle being removed to 
D ; then take its bearing aud distance as before, which 
suppose N 10° W 5 chains; remove the instrument to 
D, and direct the lighted candle to be placed at the centre 
of the pit A, where the survey commenced ; then take its 
bearing from D, which suppose N 70° E 8’35 chains, — 
and the survey will be finished. 

A survey of a subterraneous tcorking, commencing at the 
centre of the pit A. 

AB, 8. . . . 6 '57 ebains. 

BC, S. S0“W. . . . 7-10 „ 

CD, N, 10’ W. . . . 5 00 „ 

DA, N. 70“E 8-35 „ 

This survey, which is composed of four sides, may be 
proved by adding together the degrees contained in the 
interior angles, which, if they amount to 360, the work 
will be right. — (See theorem 11). 

The proof — The magnitude of the angle DAB is 70° 
(see rule 1, art. 8) in the reducing of bearings into angles ; 
angle ABC is 180° — 80° Z. CBS = 100° ; angle BCD is 
80° + 10° = 90° (see rule 4, art. 8) ; and angle CDA is 
180° - 70° 4- 10° = 100“ (see rule 3, art. 8).— 

Then Z. DAB = 70’ 

A ABC = lOO" 

A BCD = 90’ 

A CDA = 100’ 

360’ 

Also the proof may be made by finding the northing, 
southing, easting, and westing of all bearings and distances. 
If the southings are equal to the northings, and the west- 
ings equal to the eastings, then the work will be right. — 
(See Art. 9.) 

0 2 
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L’5 



1 

1 


Nortliing. 


Southing. 


Easting. 


Westing. 


1 C. L. 


Chains. 


Chains. 


Chains. 


Chains. 


. Thus, S. , . 6 67 




6-57 






S. 80“ W. 7 10 


• ■ • 


1-23 


• • • 


6-98 


N. 10“ W. 5 0 


4-93 


• •• 


• • • 


0-87 


N. 70“ E. 8 35 


2-87 


... 


7-85 


... 


' 


7-80 


7 -SO 


7-85 


7-85 



Therefore the northings and southings being equal, as 
also the eastings and westings equal, the work is right. 

(14.) Suppose the bearing and distance of B from A, C 
from B, D from C, F from D, G- from B, II from Or, and I 
from H, are required. Fi.v the instrument at A, and take 
the bearing (as before described) of B from it, which sup- 
pose to be N 30° TV, and the distance 5 50 chains; set 
it down in the following survey-book ; also make a mark * 
with chalk at B, which must likewise be noted down, to 
return to. In order to take the bearings of C, D, and F, 
remove the instrument to B, and take the bearing of C 
from it, which suppose N 45° E, and distance 7 chains ; 
the bearing of D from C suppose N 50° TV, and the 
distance 5 chains ; the bearing of F from D suppose N 
35° E, and distance 7 chains : Then bring the instrument 
from D to the chalk mark at B, and take the bearing of 
G from B, which suppose S G5° TV, and distance 6 50 
chains ; the bearing of H from G- suppose N 10° TV, and 
distance 6 chains ; and lastly, the bearing of I from H 
suppose N. 60* E., and distance 4 chains. — See them pro- 
perly arranged in the following survey-book (p. 29). 

Suppose the bearings and distances of B from the pit 
A, C from B, D from C, F from D, G from F, H from 
G, P from H, and A from P, — also I from O, K from I, 
L from I, and M from L, are required, together with any 
remarkable circumstance that may be met with in the 
survey: Fix the instrument at A, directing a person to 
go with a lighted candle to B, and take the bearing and 
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Commencing at A. 


Chains. 


N. 30“ W. . . 


6*50 to B. 


At B is a chalk 




mark * to re- 




turn to. 




N. 45“ B. . . 


7-00 toC. 


N. 50“ W. . . 


5 00 ,toD. 


N. 85“ E. . . 


7-00 to F. 


Returns to the 


i 


chalk mark * 




at B, and pro- 


1 


ceeds to G, &c. 


j 


S. 65° W. . . 


6 '50 jto G. 


N. 10“ W. . . 


6-00 toH. 


N. 60“ E. . . 


4-00 tol. 




distance of B from it, which suppose S 36’ E 7 chains ; 

which insert in the survey-hook. Also at a, 3 cliains from 

A towards B, is the wate/- no 2 8 

course from the pit R : Bring 

the instrument to B, and take f 

the hearing and distance of Ri ^ 

the lighted candle at C, ^ 

which suppose S 42° W 4 r ^ ^ 

chain. At b, 3 chains from B / 
towards C, is the water-course ® \ 

from the pit F : Remove the ® 

instrument to C, and take \ ^*^"^****«*«i.. , / 

the bearing and distance of the \ 

light at D, which suppose S. ""T* 

75° W. 10 chtins. At 4 ^ / 

chains from C towards D is a 

chalk mark * at O, to return / 

to. Take the bearing and 

distance of F from D, which 

suppose N 42° W 7‘50 chains, M 

to a pit; which note also down in the survey-book: Take 

the bearing and distance of G from F, which suppose N 
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42’ E 5 chains : Take the bearing and distance of H from 
Gr, which suppose E 4 chains : Take the bearing and 
distance of P from H, which suppose N 9“ E 4 chains. 
At 2 chains from H, towards P, is the pit R ; which note 
down in the survey-book. Take the bearing and distance 
of A from P,. which suppose S. 69° E. 5’56 chains. Now 
return to the * mark at 0, and fix the instrument there : 
Take the bearing and distance of the candle placed at I, 
which suppose S 10° W, 5 chains, and a chalk mark * 
to return to : Take the bearing and distance of K from I, 
which suppose S 80° E 6 chains. Return to the mark at 
I, and fix the instrument, and take the bearing and distance 
of L from it, which suppose S 40° W 4 chains: Take the 
bearing and distance of M from L, which suppose S 45° E 
4 chains, — and the survey will be finished. 



See the hearings and distances arranged inform of a Survey-hook. 







Chains 




From A to B 


S. 36” E. 


7-00 


1 ; 




At 


3-00 


from A is a, the \rater-course | 








from the pit B. i 


B to C 


S. 42” W, 


4-00 


1 




At 


300 


from B is 6, the water-course 








from the pit P. j 


CtoD 


S. 76° W. 


10-00 






At 


4-00 


from C is 0, a chalk mark * | 








to return to. i 


D to F 


N. 42” W. 


7-50 


and pit F. I 


F to G 


N. 42” E. 


5-00 




GtoH 


E. . . 


4-00 


i 


H to P 


N. 9°E. 


4 00 






At 


2-00 


from H is the pit B. 


P to A 


S. 69° E. 


5-56 










P 








Return to the chalk mark * 








at 0. 


0 to I 


S. 10” W. 


5-00 










At I is a chalk mark * to 








return to. i 


I to K 


S. 80” E. 


6-00 










Returned to the chalk mark * . 








at L 


I to L 


S. 40° W. 


4-00 


1 


L to M 


S. 46° E. 

■ 


4-00 


i 

! 
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(15.) Suppose a survey of the subterraneous working 
ABCDFGHPA see last fig., is required, to commence at 
the pit A : Proceed as in the last, recording each bearing 
and its respective distance in the following manner, as in 
the survey-bdok : — 



THE SDRTET COEUKNCIKO AT THE PIT A. 



From A to B 


S. 36° E. 


Chains. 

7-00 


B to C 


S. 42° W. 


4 00 


CtoD 


S. 76° W. 


10-00 


D to F 


N. 42° W. 


7-50 


FtoQ 


N. 42° B. 


600 


QtoH 


E. . . . 


•4-00 


HtoP 


N. 9°E. 


4-00 


Fto A 


S. 69° E. 


6-66 



To prove this survey by theorem 12 : The number of 
sides which the survey contains is 8 ; then the amount of 
all the angles contained in the figure is equal to 8 x 2 
X 90° — 4 X 90* r= 1080°. Now from the rules of 
reducing bearings into angles (art. 8), Z. B = 102°, L C 
= lir, L D 117°, Z. P = 96°, L G 132°, /I H = 261°, 
Z. P = 78°, and Z. A = 147° ; whose sum is equal to 
1080°, as before : Therefore the survey is right. 

Also the same may be proved by taking the northing, 
southing, easting, and westing of the bearings (art. 9) ; 
which, if the southings are found equal to the northings, 
and the westings equal to the eastings, the survey will be 
right. 
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Beai ing and Diatance. 


Northing. 


Southing. 


Easting. 


Westing. 




Chains. 


Chains. 


Chains. 


Chains. 


Chains. 


S. 86° E. 


7 00 




5-66 


4-21 


a.. 


S. 42° W. 


4-00 




2-97 




2-68 


S. 75° W. 


1000 


... 


2-59 


V 


9-66 


N. 42° W. 


7-50 


5-55 


• •• 


. • • 


4-97 


N. 42° E. 


5-00 


3-72 


• • • 


3-35 




E. . 




• > • 


• • • 


4-00 




N. 9° E. 


4 00 


3-95 


■ ■ • 


0-63 




S. 09° E. 


5 -SO 


... 


2-00 


5-21 








18-22 


13-22 


17-31 


17-31 



The northings and southings being equal, and the eastings 
and westings being also equal, the survey must be right. 

(16.) Suppose the subterraneous bearings and distances 
of the workings ABCDF, are required, commencing at 

the pit A ; and likewise 
^ ^ the bearing and distance 

on the surface of a sink- 
/' ing pit Q- from the pit 
A : Fix the instrument 
at the centre of the pit 
A in the mine, and take 
the bearing and distance 
of B from it; also, of 
C from B, D from C, 
and F from D ; then the 
survey under - ground 
® will be completed. As- 

cend to the surface, and fix the instrument at the mouth 
of the pit A ; and having previously placed a mark at 
the pit G-, take its bearing and distance from A, which 
insert in the survey-book. (Observe to take the bearing 
of G from the same point of the pit A, on the surface, 
that the subterraneous survey commenced under the sur- 
face, — so that the proper situation of F, or any other 
part of the subterraneous working, may be shown with 
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respect to the two pits.) If the bearing and distance of 
the pit G from that of A cannot be got at once, by tlie 
interposition of any building or other obstruction, it must 
be taken at two or three, or more, different bearings. 



THE SURVEY COMIIENCIKO AT THE PIT A. 



From A to B 


N. 30° \V. 


Chains. 

5-50 


B to C 


N. 45° E. 


7-00 


C to D 


N. 50° W. 


5-00 


D to F 


N. 85° E. 


7-00 


A to Q- 


The bearing and dis- 
tance of the sinking 
pit G from the pit 
A, taken on the 
surface. 

N. 45° E. 


IS -00 



(17.) Suppose the subterraneous workings CDPGIll 
KBLMOP are required to be surveyed, beginning at tlie 
pit A : Fix the instrument at A, and take the bearing and 
distance of the headways AC (as before shown), which 
suppose S 10° E 3’10 chains. At 80 links is a bord 1 to 
the right and left, holed into the headways each way ; at 
1*60 chains is a bord 2 to the right and left, holed eacii 
w’ay ; at 210 chains is a bord 3 to the right, 1 chain to the 
face, and to the left holed into the headways. Take the 
bearing and distance of Aa, which suppose S 80° W I GO 
chains ; At 1 30 chains is a headways 11 to the right and 
left, and a mark * to return to. Take the bearine: and 
distance of aG, which suppose S. 70" W. 1-80 chains: At 
80 links is a headwrays. h to the right, and a mark * to 
return to ; and at 1'20 chains is a headways V to the left, 
and a mark + to return to. T|^e the bearing and distance 
of the headways ED (by fixing the instrument at the mark 
at E), which suppose S 8° W 2 50 chains : At 70 links is a 
bord 4 to the right and left, and holed each way ; at I’oO 
chains is a bord 5 to the right and left, and holed each 

c 3 
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way. Take the bearing and distance of the headways VF 
(by fixing the instrument at the mark at V), which suppose 




fc) 10"’ AV 2-40 chains : At W links is a bord 6 to the right 
1’30 chains to the face, and to the left holed into the head- 
ways ; at 1’60 chains is a bord 7 to the right 1 chain to the 
face, and to the left holed into the headways. Take the 
bearing and distance of the headways AK (by fixing the 
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instrument at A), which suppose N 10° W 4‘20 chains ; 
At 80 luiks is a bord 8 to the right and left, and holed into 
the headways each way; at 1-70 chains is a hord 9 to the 
right and left, and holed into the headways each way ; at 
2-50 chains is a bord 10 to the right and left, and holed 
into the headways each way ; at 3‘30 chains is a bord 11 
to the right, and holed into the headways, — and none to 
the left. Take the bearing and distance of the headways 
BI (by fixing the instrument at the mark at E), which 
suppose N 2° W 3 chains : At 80 links is a bord 12 to the 
right and left, and holed into the headways each way ; at 
1'60 chains is a bord 13 to the right and left, and holed 
into the headways each way ; at 2*40 chains is a bord 14 to 
the right and left, and holed into the headways each way. 
Take the bearing and distance of the headways 6H (by 
fixing the instrument at the mark at b), which suppose 
N 1'’ W 5 chains: At 80 links is a bord 15 holed into 
the headways to the right, and to the left 90 links to the 
face; at 170 chains is a bord 16 holed into the headways 
to the right, and to the left 60 links to the face ; at 2 55 
chains is a bord 17 holed into the headways to the right, 
and to the left 60 links to the face ; at 3*40 chains is a bord 
18 to the right 50 links to the face, and to the left 55 links 
to the face. Take the bearing and diaytance of AM (by 
fixing the instrument at A), which suppose N 85° E 2'80 
chains : At 1'30 chains is a headways X to the right and 
to the left, and a mark + to return to ; at 2-50 chains is a 
lieadways Q to the right and to the left, and a mark ♦ to 
return to. Take the bearing and distance of the head- 
ways XP (by fixing the instrument at the mark X), which 
suppose S 5° E 3'10 chains : At 75 link^ is a bord 19 to 
the right and left, and holed into the headways each way ; 
at 1‘60 chains is a bord 20 to the right and left, and holed 
into the headways each way ; at 2 40 chains is a bord 21 
to the right, and holed into the headways, — and none to 
the left. Take the bearing and distance of the headways 
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QO (by fixing the instrument at the mark Q), which suj)pi)se 
S 4° E 2 30 chains: At 80 links is a bord 22 to the right, 
and holed into the headways, and to the left 40 links to the 
face ; at 1'60 chains is a bord 23 to the right, holed into the 
headways, — and none to the left. Take the hearing and 
distance of the headways XYZB (by fixing the instrument 
at the mark X), which suppose from X to T X 2° W 2 80 
chains ; At 90 links is a bord 24 to the right and left, and 
holed into the headways each way ; at 1‘70 chains is a bord 
25 to the right and left, and holed into the headways each 
way ; at 2 G0 chains is a bord 26 to the right and left, and 
holed into the headways each. Take the bearing and dis- 
tance of TZ (by fixing the instrument at Y), which suppose 
N 5° W 2 chains: At GO links is a bord 27 to the left, 
holed into the headways, — and none to the right ; at 1‘50 
chains is a bord 28 to the left 30 links, and none to the 
right. Take the bearing and distance of ZB (by fixing the 
instrument at Z), which suppose N 3° W 2 30 chains, to 
a pit B. Lastly, take the bearing and distance of the head- 
ways QL (by fixing the instrument at the mark Q), which 
suppose N 2° W 3 60 chains: At 80 links is a bord 29 
to the left, holed into the headways, and to the right 30 
links to the face ; at 1 link is a bord 30 to the left, holed 
into the headways, and to the right 20 links to the face ; at 
2'60 chains is a bord 31 to the left, holed into the'head- 
ways, and none to the right. — See the survey-book, where 
the whole is recorded : — 
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SURVEY-BOOK, 



A SCRVET OP A pit’s WORKINGS, COMMENCING AT THE FIT A. 



Bcaringfs. 


Remarks to Left. 


Disk 


Remarks to Right. 


i 






Chains. 






S. 10° E. 




3-10 


. 


AC 




Bord holed 


0-80 


Bord holed 






Bord holed . . . 


1-60 


Bord holed 






Bord holed 


2-40 


Bord 1 chain from the 










he.adways 




S. 80° W. 





1-60 


* • . • 


A« 1 




Headways 

And a chalk mark * 


1-30 


Headways 


1 

I 




at R to return to 


• 




i 


S. 70° W. 





1-80 


• • • • 


aG 






0-80 


A headways b, and a 










chalk mark « to 
return to 


1 




Headways Y, and a 


1-20 








chalk mark « to 
return to 








S. 8° W. 




2-50 


• • • • 


RD 




Bord holed 


0-70 


Bord holed 






Bord holed , . . 

Returned to the mark 


0-60 


Bord holed 






* atV 








S. 10° W. 


• • • • • 


2-40 


• • • • 


VF : 




Bord holed . . . 


0-80 


Bord 1'30 chain from 


i 








the headways 






Bord holed 


1-60 


Bord 1 chain from the 
headways 


i 

1 




Returned to the pit A 






N. 10° W, 




4-20 


• • • . 


AK 




Bord holed 


0-80 


Bord holed 






Bord holed , . . 


1-70 


Bord holed 






Bord holed 


2-50 


Bord holed 






None . . . . 

Returned to the mark 


3-30 


Bord holed 


1 




« at R 






' 


N. 2° W. 




3-00 




RI i 




Bord holed . . . 


0-80 


Bord holed 






Bord holed 


1-60 


Bord holed 


1 




Bord holed . . . 

Returned to the mark 


2'40 


Bord holed 


1 




« at 6 








N. 1° W. 




5-00 


. 


iH 




Bord 90 links from 


0-80 


Bord holed 






the headways 








- 


Bord 60 links from 


1-70 


Bord holed 






the headways 
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Bearings. 


Bemarks to Left. 


DUt. 


Bemarks to Bight. 








Chains. 










Bord 60 links from 


2-55 


Bord holed 








the headwaj's 
Bord 55 links from 


3-40 


Bord 50 links 


from 






the headways 
Returned to the pit A 




the headways 






N. 85" E. 


• • • « • 


2-80 


. • • 


• 


AM 




Headways 

And a chalk mark * 


1-30 


Headways 








at X to return to 












Headways 

And a chalk mark * 


2-50 


Headways 








at Q to return to 
Returned to the mark 








1 




« at X 










S. 5“ E. 




310 


• • • 


, 


XP 




Bord holed 


0-75 


Bord holed 








Bord holed . . . 


1-60 


Bord holed 








None 

Returned to the mark 


2-40 


Bord holed 








» at Q 




• 






S. 4'- E. 




2-30 


. • 


, 


QO 




Bord 40 links from 


O'SO 


Bord holed 








the headmiys 
None 

Returned to the mark 


1-60 


Bord holed 




1 




♦ at X 










N. 2“ W. 


• • » « • 


2-80 


• • • 




XY 




Bord holed 


0-90 


Bord holed 








Bord holed . 


1-70 


Bord holed 








Bord holed 


2-60 


Bord holed 






N. 5“ W. 


• • • • • 


2 00 


• . • 




YZ 1 




Bord holed 


0-60 


None 




1 




Bord 30 links from 
the headways 


1-50 


None 






K. 3" W. 


2-30 


To pit B 


. 


ZB 




Returned to the mark 












♦ at Q 








1 


K. 2” W. 


• • • • • 


3-60 


• . • 


• 


QL 




Bord holed 


0-80 


Bord 30 links 


from 










the headways 








Bord holed . 


1-70 


Bord 20 links 


from 










the headwavs 




[ 





Bord holed 


2-60 




None 




1 

I 



Note . — When marks are made to be returned to in the survey, observe 
that they are returned to, otherwise the survey will be defective ; and 
when the new method of taking the angles, given in Arts. 20 and 21, is 
adopted, the angles, thus taken, must be inserted instead of the l^earings, 
the column being headed “angles’’ inste.ad of “bearings.” 
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The Back-Sight. 



(18.) Suppose the bearing and distance of B from the 
pit A is required : Fix the instrument at B, instead of A 



(keeping the same sight foremost, 
and pointing towards h, when it is 
placed in the situation of B, as if 
it bad been placed in the situation 
of A, for the ^rpose of taking the 
bearing of B) ; then apply the eye 
at the sight furthest distant from A, 
turning the same until the light at 
the pit A is cut by the perpendi- 
cular hair in the other; obsewe 
then the bearing of A from B, 
which, suppose S 30° E, on being 




reversed (see p. 17), will become N 30“ W, for the bear- 



ing of B from A, — the distance, 
being measured, is found to be 3 
chains; making the bearing and 
distance of B from A N 30° W 
3 chains. 

Bearings taken in this way are 
taken in a direction contrary to 
the order of the survey, and the 
eye is applied at tlie contrary 
sight to that which it would be 
applied when direct bearings are 
taken. 

(19.) Suppose the bearing of 
ABCDFQ- and H is required, 
making use of the back-sight 
throughout the survey : Fix the 
instrument at B, instead of A, 
directing that sight towards A 




which, in the situation of A, would have been hindmost. 



Digitized by Google 




JiO SUBIEEaAHEOUS BUEVEYIN6, ETC. 

in the manner before directed ; then the bearing A 
from B being found to bft N 45° E, on being reversed 
makes S 45° W, the bearing of B from A, which enter 
into the survey-book. The instrument standing at B, turn 
that sight towards C which pointed to a, and take the bear- 
ing of C from B, which being found N 75° W, enter the 
same into the survey-book, without reversing, as it is not a 
backsight. Remove the instrument from B to D, and direct 
tlie sight back to C from D, in the same mdbner as from B 
to A : The bearing then of C from D being found S 10° W, 
which, being reversed, will be N 10° E, the bearing of D 
from C, — which enter into the survey-book. Then take the 
bearing of E from D, which being found N 80° E, enter 
the same into the survey-book, without reversing. Lastly, 
remove the instrument to G1 ; then take the back-sight 
from G to E, which being found S 16° E, on being re- 
versed will be N 15° W, the bearing of G from E, — which 
being entered into the survey-book, then take the bearing 
of H from G ; which suppose N 30° E, — which enter also 
into the survey-book, without reversing, and the survey is 
finished. — By this mode of taking bearings, the instrument 
is only removed half the number of times it would otherwise 
be, were the back-sights not taken. 

SURVEY-BOOK. 

The bearing of B from A, S. 45° W. 

„ C from B, N. 75° W. 

„ D from C, N. 10° E. 

,, P from D, N. 80° E. 

„ G from P, N. 15° W. 

„ II from G, N. 30° E. 
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PART II. 



ON SURVEYINO SUBTERRANEOUS EXCAVA- 
TIONS WITHOUT THE GENERAL USE OF 
THE NEEDLE. 

It has long been found that the conducting of subter- 
raneous surveys requires strict attention in guarding against 
the presence of ferruginous substances, which exist in almost 
all mines, and which, it is well known, affect the magnetic 
needle, so as to cause it to give erroneous indications. On 
this account Mr. Fenwick was induced, as long ago as 1822 
(when the second edition of his work was published), to 
suggest to the surveyor of mines the following new method, 
in which the needle has no control except in the first 
departure. 

The iise of the instrument.* 

Suppose the subterraneous excavation ABCDEF to be 
surveyed beginning at the pit A, and terminating at the 
pit F. 

(20.) Place the instrument at B, and turning it until the 
vanes at zero cut the lighted candle at the centre of the 
pit A, which suppose N 05° E; and suppose AB to be 
3 chains, the fixed sight at 0° still remaining as before ; 
screw the instrument fast, and turn the moveable sights so 
as to cut a candle placed at 0, taking care that the iustru- 

* The improved Circumferentor, by Elliott Brothers, 30, Strand, Londoji, 
which is still much used, especially in secondary mining surveys ; but 
the modem improved theodolite is much to be preferred. See Hca.thf.i-'s: 
Trtatise on Mathematical Ins/rumentu, Weaie'.i Series. 
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ment has remained immovable. If so, read off the angle, 
which the index makes with the moveable circle, ’^hic^ sup-^ 




poee 120° ; then the angle ABC is 120°, that is, the excava- 
tions BC and AB make an angle of 120°. Bemoving the 
instrument to C, turn the sights and index so as to cut 
the candle at B, keeping the instrument immovable ; then 
turn the sights to the candle at D, reading off the angle 
BCD, which suppose 80°; and measure CB, which call 
5 chains. Bemove the instrument next to D, measuring 
the distance CD, which call 3 chains ; and turn the sights 
and index to the candle at C, the instrument, as before, 
being kept immovable ; turn the sights to the candle E, 
observe the angle CDE, which suppose 70°, and let the 
distance DE be 4 chains. Bemove the instrument to E, 
and turn the sight and index to the candle at D, keeping 
the instrument immovable; turn the sight to the candle 
at B, and observing the angle DEF = 160° ; lastly, measure 
the distance EF, which call 6 chains, and the survey is 
completed. 

The following method of conducting subterraneous survey 
entirely without the use of the magnetic needle, was sug- 
gested by Mr. T. Baker (who has now made the present 
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additions and iraproveinents to the new edition of Mr. 
Fenwick’s “ Subterraneous Surreying ”), at least 36 years 
ago ; but it was ridiculed by the then colliery surveyors ; 
yet is now recommended and adopted by several scientific 
mining surveyors ; among whom I may name Mr. H. 
Mackworth ; who has given more elaborate details for con- 
ducting these surveys than those in the preceding article : 
Mr. M.’s improvements on Mr. Baker’s suggestion are 
given in the following article. 

(21.) To commence a survey without the magnetic needle, 
where there is only one shaft to the mine, the following 
plan should be adopted. Two thin copper wires, carrying 
heavy weights, must be suspended from a strong straight 
edge, at the surface of the shaft, and as near the edges of 
the shaft as not to touch them, the weights reaching nearly 
to the bottom of the shaft; while the weights must be 
immersed in buckets of water, or what would be still better, 
in vessels filled with mercury, to diminish oscillation, which 
will still continue, if the shaft is deep ; but in the latter 
case, for only a very short time. The observer standing 
behind the wires must next send a candle along the head- 
ing, as far as it can be seen, and have it fixed in a line with 
the wires. He should repeat the operation in the opposite 
direction, by placing a candle against one of the wires, 
that the whole may be checked by seeing that the three 
candles are exactly in a line. This line being the basis 
of the whole underground survey, ihust be permanently 
marked by four or more pegs driven into the roof, with 
nails in them, or by marks on cross timbers or masonry. 
Bctuming to the surface, permanent pegs should be placed 
at some chains’ distance, on each side of the shaft, in a line 
with the wires, as G- and H (see last fig). We then obtain 
a line on the surface exactly corresponding with the base 
line of our operation underground. The same process may 
be adopted, if there is more than one shaft to a mine ; but 
it is not generally desirable to repeat it at more than one 
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shaft. A few hours’ labour in getting the fundamental 
lines permanently fixed and connected, before commencing 
the survey, is afterwards well repaid. 

The angular instrument used for this purpose ought to 
he the modern improved theodolite (see the foot-note to 
last article). Three tripods should be provided, and two 
lamps on stands, fitting on the tripod, of such a height that, 
when the lamp is replaced by the theodolite, the fulcrum 
of the axis of the telescope must be of the same height as 
the top of the wick in the lamp, a tripod with a lamp being 
placed under the centre of the shaft, at some well-marked 
station ; the second tripod is fixed with the theodolite upon 
it, as far along the base-line as the light at the bottom of 
the shaft can be seen. The theodolite is clamped to zero. 
The third tripod with the other lamp on it, is sent as far 
forw'ard as the light can be seen from the theodolite. The 
depth of the top of the wick in the first lamp below the top 
of the shaft having been ascertained, we carry on a series, 
of levelling with the vertical arc of the theodolite all 
through the mine, at the same time as the horizontal 
angles and the measurement of the lines are taken. The 
telescope of the theodolite being directed to the top of the 
wick of the first lamp, the angle of elevation or depression 
is read. The lower limb being then clamped, and the upper 
relaxed, the horizontal angle is then read to the second 
lamp, and at the same time its angle of elevation or depres- 
sion is read. The distance having been carefully measured, 
the first tripod is taken up, and carried forward beyond the 
third tripod, a lamp is placed on the second tripod, and the 
theodolite on the third tripod, when the observation of 
the angles are repeated as before. 

(22.) The leading feature of Mr. A. Beauland’s plan 
(see “ Mining Surveys, Institute of ^Mining Engineers, 
Xewcastle-upon-Tyne ”) consists in a method of fixing a 
bearing, or meridian line at the bottom of the pit, the 
direction of which is determined, either with reference to 
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the true meridian, or with respect to some line arbitrarily 
iixcd on the surface, as PQ, fig. to Art. 20. By this means 
the underground survey can be commenced, and carried 
forward to any extent, by means of the theodolite,' and is 
properly connected with the surface, the whole process 
being effected without the aid of the magnetic compass. 

This method is Mr. B.’s own invention, or, at least, he is 
not aware that the idea has ever been carried out before, or 
has ever occurred to any one else, though of course it is 
quite possible that he may not be the first person who has 
thought of such a plan. 

The process is effected by means of a powerful transit 
instrument, mounted in the line of the shaft, either at the 
top or bottom as may be most convenient. F or simplicity, 
suppose the instrument to be at the top of the shaft. It 
is fixed and properly adjusted on a very firm support, 
which must be so arranged as not to interrupt the view 
of the telescope, when pointed vertically down the shaft. 

Two marks are then fixed at the bottom of the pit, as 
nearly as, may be in the same vertical plane as the transit, 
so that each of them can be seen through the telescope, 
and appear in the centre of the field of view. These marks 
are rendered visible by the light of a strong lamp reflected 
upwards, and are likewise so arranged that both can be 
seen by a theodolite placed at the bottom in a horizontal 
line with them. They are made as small as will allow of 
their being observed by the transit at the top, and are of 
such form that they can be bisected by the wires with 
great precision, the marks being as far apart as possible. 

If now, on pointing the instrument downwards, each of 
the marks be exactly bisected by the middle wire, it is 
evident that the horizontal line, in which the marks are 
placed, coincides with the vertical plane of the instrument, 
and is, therefore, parallel to the position of the telescope 
when pointed horizontally. In this case, therefore, w'e 
have two lines, one at the top of the shaft, represented by 
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the optical axis of the telescope when pointed horizontally 
the other the line joining the centres of the two illuminated 
marks at the bottom, and the hearing of the instrument 
heii^ determined, either with respect to the meridian, or 
to some determinate line, which can be connected with the 
surface survey, that of the line of direction of the marks 
below is ascertained at the same time. 

This, however, is on the supposition, that each of the 
marks is seen precisely in the centre of the telescope. If 
this condition is not exactly fulfilled, the marks being a 
little out of the centre of the field of view, the apparent 
distance of each mark from the middle wire is accurately 
measured by a micrometer, or some other means, and from 
these distances, the angular deviation of the line of the 
marks from the plane of the instrument is determined by 
calculation. Having found the amount of this de\;iation, 
the bearing of the line of marks is at once deduced from that 
of the instrument, and the connection between the surface 
and underground survey, made as in the former case. 

It is necessary, in order to complete the process, that 
permanent marks should be fixed above and below, the 
marks above ground being set out in some given direction, 
with respect to the plane of the telescojm ; those below, 
with respect to the illuminated marks, which, as well as 
the instrument, must be removed from their places in the 
line of the shaft, before the colliery can resume working. 

Wherever the nature of the ground, or erections on the 
surface, admit of it, marks may be placed at once in the 
direction of the instrument above being set out in any 
convenient positions,^ coinciding with the middle wire of 
the telescope. These permanent marks should of course be 
placed so that one of them can be seen from the other, it 
is also desirable to have them conveniently placed for the 
commencement of the surface survey. 

Where, however, it is not practicable to set out a line in 
the direction of the transit, owing to obstructions, some 
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other direction must be taken, one mark being fixed in the 
line of the instrument, and the other at any point at a con- 
venient distance, and visible from the first. The direction 
of the permanent line will, of course, be determined with 
respect to that of the transit, by setting up the •theodolite 
at the nearer station, and measuring the angle between the 
direotion of the transit and that of the further station. 

The permanent marks fixed at the bottom of the pit are 
fixed in like manner, and their direction determined from 
that of the illuminated marks, by the aid of the theodolite, 
■which is placed at some point near the shaft, in the line of 
the illuminated marks, and from which a more distant point 
can be seen. A permanent mark is then fixed at the place 
occupied by the theodolite, and another at the more distant 
point referred to, which may be chosen convenient for the 
commencement of the underground survey. 

Mr. A. B, has thus endeavoured to explain, somewhat 
briefly, but he trusts with sufficient distinctness, the method 
by which the underground survey may be connected with 
the surface. It will scarcely be necessary for him to 
observe, that the whole process is one requiring great care, 
and an intimate acquaintance with the use and manipula- 
tion of the instruments, such as can scarcely be acquired 
without considerable expense. With proper management, 
however, and a transit of sufficient size and power, he believes 
the bearing may generally be fixed at the bottom of the pit 
without any error exceeding one minute of an arc, a degree 
of precision amply sufficient for all practical purposes. 

On 'plotting subterraneous surveys. 

(23.) Plotting may be divided into two kinds : The first 
kind, the communicating of bearings and distances of a 
subterraneous survey to paper, for the purpose of planning 
the same ; the second kind, the manner of running on the 
surface of the earth the difierent bearings or angles and 
distances, in the same order as they were taken under- 
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ground in the survey. In the first mode, the protractor, 
for setting off the angles contained in each bearing, and 
a scale of chains and links, for transferring the distances, 
are requisite ; and in the second mode, the circumferentor 
or theodolite, and Gunter’s chain. Observe, in running off 
the bearings on the surface, that the same instrument be 
made use of as in the subterraneous survey ; and also let 
the same end of the needle, when used, determine the 
angles of the bearings as determined them under-ground. 
This last precaution is not necessary when the magnetic 
needle is not used. 

(24.) Let ABCD represent a protractor, which is a cir- 
cular rim of brass, and E its centre, of about 9 inches 

diameter, divided into 
degrees, and each de- 
gree in quarters of a 
degree, commencing • 
from the north and 
south points A and B 
and numbered up to 
90° at C and D. Also 
dbc represents a semi- 
circular protractor, 
which for many pur- 
poses, is more com- 
modious than the 
circular one, ah re- 
presenting the meri- 
dian, and e its centre. 
These instruments 
are manufactured by 
Messrs. Elliott Bro- 
thers, 30, Strand, 
London. 

In using this in- 
strument in plotting bearings, the meridian line AB or ah, 



FIG. 34. 




c 
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must be applied to the assumed meridian line drawn on 
paper; and if a line Ec is drawn from the centre E, through 
the 50th degree or division from B to C, supposing AB 
the meridian, A the north, and B the south ; then Ee will 
be N 50° W (see theorem 17), and the line 'Ef passing 
through the 20th degree or division, will be N 20° E. 

(25.) Suppose the following bearings and distances 
to be plotted on paper — 

AB, N. 45° W. . . .10 chains. 

BC, N. 10°E. . . . 7 „ 

CD, S. 50° E. . . .6 „ 

Proceed thus : — 

Draw the meridian line NS on the paper where the work 
has to be plotted, N for north, and S for south ; then fix on 
any place on that meridian line for the commencement of 
the work, as at the pit A; 

AB of the protractor on the as- 
sumed meridian, with its centre 
E on A ; let nesw represent the 
protractor, n corresponding with 
N the north, and s with S the 
south, — e will represent the east, 
and to the west; then draw the 
line AB from the centre of the 
protractor at A through the 45th 
degree from n towards to, or west, 
and it will represent N 45° W : 

Also from the scale of chains 
take 10 with the compasses, 
and setting the same from A 
to B, and AB will represent 
the first bearing and distance N 
45° W, 10 chains : by the assist- 
ance of a parallel ruler, or any 
other method, draw the second mendian line through 
B, parallel to that drawn through A ; apply the protractor 

p 



apply the meridian line 
N ric.55. 
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as before directed, with its centre on the point B ; draw 
the line BC from the centre of the protractor at B, 
through the 10th degree from n towards e, and it will 
represent N 10° E : Then from the scale of chains take 7 
with the compasses, setting the same from B to C, and BC 
will represent the second bearing and distance ; then draw 
the third parallel line ns through C ; apply the protractor 
as before, with its centre on C ; draw the line CD through 
the 50th degree from s towards e, and it will represent 
S 50° E : Then take 6 chains from the scale, setting the 
same from C to D, and CD will represent the third bearing 
and distance ; — and the whole will be plotted. 

Note . — The student ought now to lay down on paper the several surveys, 
commencing at Art. 12, not only by the old method of bearings, taken by 
the magnetic needle, but also by the modem and more accurate methods, 
given in Arts. 20, 21, and 22 (the methods given in the several articles 
not differing materially except at the commencement of the surveys), that 
he may thus acquire a skilful and ready method of performing this impor- 
tant part of his profession. See the following article. 

(25a.) Let the following angles and distances, taken in a 
coal-mine, be laid down on paper (see fig. to Art. 20). 

Let NS be the true meridian, obtained by making proper 
allowance for the magnetic variatien ; and let the following 
distances be measured, and angles be taken in a coal-mine 
as below : — 



DISTANCES. 

AB z= 3 ’12 chains. 
BC = 4-96 ,, 

CD = 2-89 „ 

DB — 4-17 „ 

EF = 6-02 „ 



ANODES. 

NAB = 64" 39' 
ABC = 118° 19' 
BCD = 79° 15' 
CDE = 61° 5' 
DBF = 158° 57' 



Draw the meridian line NS, N representing thfe north 
point, and let A in the line NS be the pit wliere the work 
is to commence ; lay off from the meridian line NS by the 
protractor, the angle NAB=64° 39', in the manner already 
directed ; and from a scale of equal parts, lay off the dis- 
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tance AB = 3*12 chains, and extend the line, if necessary ; 
next apply the line AB of the protractor on the line AB 
on the plan, the centre E of the protractor being applied to 
the angular point B : then lay off the angle ABC =11 8° 19' ; 
and the distance BC = 4’96 chains ; apply the protractor to 
the line BC, as before directed, lay off the angle BCD= 
79° 15', and the distance CD=2‘89 chains : lay off succes- 
sively the angles CDE=61° 5' and DEF = 158° 57', and the 
distances DE = 4’17 and EF = 6 02 chains; and the •work 
■will be completed, being a correct representation of the 
survey made in the mine. 

Next plot the surveys, given in Arts. 17, 18, and 19, by 
laying off the successive angles, as directed in Arts. 20 and 
21, the bearings being previously reduced to the angles, 
which every two successive distances make with one another 
by Art. 6. 

Note . — In the second column of the survey-book to Art. 17, the angles 
NAB, ABC, &o., must be entered, ae shown in this article. 



Suppose the following subterraneous survey is to be 
plotted by the application of the T square : — 

N. 54° W. . . .10 chains. 

S. 42° W. . . . 7 „ 

N. 30° W. . . . 6 „ 

(26.) On the drawing-board, or table ABCD, fix the 
paper alcd, on which the survey is to be plotted, and let 
SN represent the T square applied thereon, which also 
represents the magnetic meridian (N the north and S the 
south). Fix upon the pointy* for the commencement of the 
work ; apply the straight edge of the semicircular pro- 
tractor m against the arm of the T square NS, with its 
centre on the point /; then draw the line fg through the 
54th degree of the protractor from north to west, setting 
off the distance 10 chains from ftog: Then fg is the first 

D 2 
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bearing and distance N 54° W 10 chains. Bemove the T 
square along the line AC until its arm SN meets the point 
g, where it represents the magnetic meridian ; then apply 

the protractor as before- 
3 directed, with its centre 
on g; draw the line gJt 
through the 42nd degree 
from south to west, setting 
off the distance 7 chains 
from g io h: and gh is the 
second bearing and distance 
S 42° W, 7 chains. lie- 
move again the T square 
A until its arm SN meets 
the point h, representing 
there the magnetic meridian; then apply the protractor 
with its centre on h; draw the line hk through the 
30th degree from north to west, setting off the distance 
6 chains from A to k: And hk is the third and last bearing 
and distance N 30° W, 6 chains. The work being finished, 
take the paper off the board. 

(27.) In the following subterraneous survey fghk (see 
rig. to last Article), I wish to know, by one single bearing 
and distance, the situation of k from f? 

fg, N. 54° W. . , .10 chains. 

gh, S. 42° W. . . . 7 „ 

W:, N. 30°W. . . . 6 ,, 

Protract the survey on the paper fixed to the drawing- 
board, as before-directed; then draw a line from fiok; 
move the arm of the T square until it touches f, forming 
therewith the magnetic meridian ; then apply the protractor 
with its centre at f, observing what division or degree the 
line fk cuts wljich will be found to be the 71st nearly, 
which is the magnitude of the angle N/’A : Measure tlie 
distance to k from f by the same scale as the work was 
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plotted from, which distance is found to be 16-70 chains ; 
then from rule, Art. 4, the bearing of k from f will be found 
to be N 71° W, and its distance 16‘70 chains. 

(28.) In the following survey of the subterraneous work- 
ing ABCDF (see Fig. to Art. 16), driven from the pit A 
towards G-, I wish to know the bearing that the workmen 
must proceed in from F to hit the pit G-, and likewise the 
distance between F. and G- ? 

Plot the survey from the given data in Art. 16, by the 
use of the T square ; also by laying off the several angles, 
as directed in Arts. 20 and 21, which will verify the survey. 

Then the bearing of the pit G from F, from rule. Art. 4, 
will be S 65” 30' E. Measure the length of the line FG by 
the same scale of equal parts as the work was protracted 
from — which is found to be 8’60 chains ; hence the bearing 
and distance of the subterraneous working from F, to hit 
the pit G, must be S 65° 30' E 8‘60 chains. 



ANOTHEE METHOD. 

Which may he thought more eligible than the preceding \for if 
any error is made in this method of plotting, it only effects 
the particular part where it occurs, and is not carried 
throughout the remaining part of the tcork, as in the other 
methods already described. 

(29.) Suppose the following survey to be plotted accord- 
ing to this method : — 

Chains. 

AB, S. Se'E. . . .7 00 

BC, 8. 42“ W. . . . 4-00 

CD, S. 75° W. . . . 10 00 

DF, N. 42“W. . . . 7-60 

Prepare the survey by taking the northing, southing, 
easting and westing of aU the bearings therein (see Art 10, 
ex. vii.), placing each separately in its respective column, 
in the following preparatory table : Thus the bearing and 
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distance AB, S 36° E, 7 chains, will, from the traverse 
tables, contain 6‘66 chains of southing, and 4 12 chains of 
easting ; — and so of all the rest. 

The next thing is to determine the northing and south- 
ing of the bearings conjointly, from A the point of com- 
mencement of the survey : Thus let NS represent the 
magnetic meridian of A, the southing of the bearing AB 
S 36° E, 7 chains is 5'66 chains Ao ; which place in the 6th 
column of the preparatory table. The southing of the bear- 
ing BC, S 42° W, 4 chains is 2 97 chains ah, which, being 
added to 5 66 chains, makes 8'63 chains Ah for the south- 
ing of the bearings ABC ; which place in the 6th column : 
The southing of the bearing CD S 75° W, 10 chains is 2 59 



FIC 37 




chains be, which, being added to 8’63 chains, makes 11-22 
chains Ac for the southing of the bearings A BCD ; which 
place in the 6th column : The next, DE, N 42° W 7 '50 
chains, will produce 5‘55 chains of northing ce from D, which, 
being subtracted from 11-22 chains, leaves 5 67 chains Ac, 
the southing of the bearings ABCDF from the commence- 
ment A : Then determine the easting and westing distance of 
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the end of each bearing irom the assumed meridian of the 
point A, or point of commencement. The eastiug of the 
bearing AB, which is S 36" E, 7 chains from NS, the assumed 
meridian, will be found by the traverse tables to be 412 
chains oB ; which place in the 7 th column of the following 
table : The westing of the bearing S 42° W, 4 chains from 
B will be found to be 2 68 chains /C, which, taken from the 
easting oB or ^412 chains, leaves 1‘44 chains, 6C for the 
easting of the bearings ABC from NS, the assumed meri- 
dian of A : The westing of the bearing S 75° W, 10 chains 
from C will be found to be 9‘66 chains Qg, from which take 
1'44 chains of easting JC, leaves hg or cD 8 22 chains for 
the westing of the bearings ABCD from NS : The westing 
of the bearing N 42° W, 7'50 chains from D will be 
found to be 4 97 chains which, being added to 8‘22 
chains cD, makes cl or cE 13‘19 chains for the westing of the 
bearings ABODE from NS. Now, to prepare the survey for 
plotting, the next thing is to assume another meridian, which 
shall be to the west of the westmost bearing of the survey 
from NS ; and from this second meridian find the easting 
of the end of each bearing from it (see the 8th column of 
the table). The greatest westing of the bearing from NS 
is «E, or cl 1319 chains : Suppose, then, this second assumed 
meridian line to be ns 14 chains AO west of the first meri- 
dian line NS, place the 14 chains at the top of the 8th 
column of the following table, which is the distance that 
the point A is eastward of ns : Then 14 chains ha + 4' 12 
chains oB = 1812 chains AB, the distance that B is east of 
ns; w'hich place in the 8th column: Then 14 chains + 
1-44 chains bC = 15'44 chains AC, the easting of C from 
ns : Then 14 chains — 8'22 chains cD = 5'78 chains oD, 
the easting of D from ns : Lastly, 14 chains — 13-19 chains 
cE = 81 links »»E, the easting of E from ns; which, being 
all entered in the 8th column of the following table, the 
survey wft be prepared for plotting. 
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In order to plot the survey, fix the paper on the drawing- 
board or table GHIK ; then draw the meridian line ns by 
the application of the T square, » representing the north 
and s the south ; let O be the point for tho commencement 
of the work, and from the Gth column of the table set oflT the 
diflTerent southings ; 1st, 5 ‘66 chains Aa from O to A, being 
the southing of the bearing AB ; 2dly, 8‘63 chains Ab from 
O to k, the southing of the bearings and distances AB and 
BC ; 3rdly, 11'22 chains Ac from O too, the southing of the 
bearings and distances AB, BC, and CD ; and 4thly, 5*67 
chains Ae from O to m, the southing of the bearing and 
distances AB, BC, CD, and DF. This being done, apply the 
T square to the side GK, its arm crossing the meridian line 
ns at right angles ; then from the 8th column of the table 
set off 14 chains of easting from O to A, and A denotes the 
place of commencement of the survey, or point of departure : 
Move the T square down the side GK until its arm comes 
to A ; then set off 18T2 chains of easting from h to B, draw 
the line AB, and it represents the first bearing and dis- 
tance ; move the T square until the arm comes to k, then 
setting off 15-44 chains of easting from k to C, draw the 
line BC, and it represents the second hearing and distance ; 
move the T square to o, then setting off 5-78 chains of east- 
ing from 0 to D, draw the line CD, and it represents the 
third bearing and distance ; move the T square to m, then 
setting off 81 links of easting from m to F,‘draw the line 
DF, and it represents the fourth and last bearing and dis- 
tance. Then the whole survey will be plotted. 

Next plot this survey from the given data by laying off the 
several angles as directed in Arts. 20 and 21, the bearings 
being previously reduced to the angles which the successive 
distances make with one another by Art. 6 ; also plot the 
surveys, given in Arts. 30 and 31, in the same manner. 

(30.) Suppose the following subterraneous survey to be 
plotted, beginning at the pit A : — 
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Chains. 

AB, N. 42° E. 5-00 

BC, E. 4-00 ' 

CD, N. g-E, 4'00 

At 4 chains is a mark 
* to return to. 

DF, S. 69° E. 6-60 

Keturned to mark *, 
DC, S. 36° E. 7-00 

GH, S. 42° W. 4-00 



Prepare the survey for plotting, -by taking the northing, 
southing, easting, and westing of each bearing from the 
traverse tables. 

The northing and easting of the first bearing and distance 
N 42° E, 6 chains, will be northing 3'72 chains, and easting 
3-35 chains (which see in the following preparatory table, 
together with the northing, southing, easting, and westing 
of aU the others). Then find the northing and southing of 
the bearings conjointly from the commencement of the sur- 
vey at the pit A, — which is had from the 2nd and 3rd 
column of the table : The northing of the first bearing and 
distance will be found to be 3'72 chains ; which place in the 
6th column of the table : That of the second bearing and dis- 
tance will be also 3*72 chains ; that of the third, 3 72 chains 
+ 3'95 = 7‘67 chains ; and so of all the rest. Also take 
the easting and westing of each bearing and distance from 
the meridian of the pit A, — which is had from the 4th and 
5th column of the table : The easting of the first bear- 
ing and distance will be found 3 35 chains ; which place 
in the 7th column of the table : That of the second will be 
3*35 + 4 chains = 7’35 chains of easting ; and so of all the 
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rest : As from the 8th column of the table the end of each 
bearing in the survey will be east of the meridian NS of A ; 
therefore no other need be assumed. 

"Fix the paper alcd on the drawing-board or table IKLM ; 
draw a meridian line NS by the application of the T square, 
and mark A for the pit, and commencement of the work ; 
then make a mark with the compasses at c, on the meridian 
line NS, 3'72 chains to the north of K. (from the 6th column 
of the table), — which is the northing of the first and second 
bearing and distance : Make another at/, 7'67 chains from 
A to the north ; another at g, 5‘67 chains ; another at A, 1 
link to the north of A ; and another at Tc, 2 96 chains to the 
south of A : This being done, apply the T square to the 
side LI, its arm crossing the meridian NS at right angles, 
and corresponding with e; then set olF from e to B, 3’35 
chains of easting to the right (from the 8th column of the 
table), which is the easting of the first bearing and distance : 
Draw a line from A to B, and AB represents the first bearing 
and distance: Also set off from e to C, 7‘35 chains to the right, 
and draw the line BC : Eemove the arm of the T square to 
/ and set off from /to D 7’98 chains to the right, and draw 
the line CD ; there make a mark * to return to : Eemove 
the T square to g, and set off from ^ to F 13'19 chains to 
the right, and draw the line DF : Eemove the T square to 
Ti, and set off from A to G 17‘31 chains to the right, and 
draw the line DG from the mark at D : Eemove the T 
square to Tc, and sot off from ^ to H 14’63 chains to the 
right, and draw the line GH ; — aftd ABCDFGH will repre- 
sent the survey protracted. 

(31.) An example showing that an error, committed 
during the time of plotting the survey after this method, 
is not communicated to the following part of the work : — 

Suppose the subterraneous survey ABCDF is required 
to be plotted. 



Digitized by Google 




WITH OE WITHOUT THE USE OF THE HEEDUE. 61 



AB, S. 36° E. . 
BC, S. 42° W. . 
CD, R. 75° W. . 
DF, N. 42° W. . 



Chains. 
. 7-00 

. 4-00 
. 10-00 
. 7-50 



FIG 39 




(For Preparatory Table see next page.) 

Fix the paper on the drawing-board GHIK, and draw the 
assumed meridian NS 14 chains west of the meridian of A, 
which exceeds the greatest westing in the 6th column ; let 
O be the point thereon for the commencement of the work: 
Set off, from the 6th column of the table, the different 
southings from 0 io ab c, and d respectively ; and from the 
8th column of the same table set off the different eastings 
from O to A, from a to B, from h to C, from c to D, and 
from to F ; and ABCDF will represent the survey truly 
plotted. Now, suppose the plotter, in laying down the 
eastings in the 8th column of the table, commits an error, 
by setting off from the assumed meridian 25*44 chains be, 
instead of 15-44 chains 5C, then the point C will be 
removed to-e, and BC will be represented by Be, and CD 
by eD; therefore it appears, from inspecting the figure, 
that the error will cease at D, and the following bearings, 
be there ever so many, will be each in the same situation as 
if no such error had ever existed; which is a peculiar advan- 
tage in this mode of plotting. 
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The manner of reducing any number of hearings and distances 
into one bearing and distance. 

(32.) The practical miner will frequently find it neces- 
sary to have recourse to this mode of reduction in the 
plotting of subterraneous surreys on the surface, for the 
purpose of determining their extent. As when the circum- 
ferentor is the only instrument used in such works, which 
in windy weather is both troublesome and fallacious, there- 
fore, if the whole survey can be reduced to one bearing and 
distance, or to such a number as may be thought necessary, 
the labour of protracting will be proportionally reduced, 
and the work more to be depended on. 

Suppose the following subterraneous survey ABCDF, to 
be reduced to one single bearing and distance from A 
to F : — 

Chains. 

AB, S. 36° E. . . . 7 00 

BC, S. 42° W. . . . 4-00 

CD, S. 76° W. . . . 10-00 

DF, N. 42° W. . . . 7-50 




THE FREFARATORr TABLE. 





Northing. 


Southing. 


Easting. 


1 

WestiDg. 1 


Chains. 


Chains. 


Chains. 


Chains. 


Chains. ' 


AB, S. 36° E. 7-00 




6-66 


4-12 


i 


BC, S. 42° W. 4-00 




2 97 


... 


2-68 ! 


CD, S. 76° W. 10-00 




2*69 


... 


9-66 i 


DF, N. 42° W. 7-50 


5-55 


... 


... 


4-97 I 




6-55 


11-22 


4-12 


17-81 1 






5-55 




4-12 




NF or 




NA or 






Aa 


5-67 


Fa 


13-19 
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By taking the northings from the southings, leaves 5*67 
chains of southing of P from A; and by taking the eastings 
from the westings, leaves 13'19 chains of westing of F from 
the meridian of A, which form the triangle NAF ; of which 
NA 1319 chains, NF 5‘67 chains, and the right L N, are 
given, to find the side AF and Z NAF, which is done by 
trigonometry, as follows : — 

As NA 13-19 1-120245 

Is to radius ..... 10-000000 
So is NF 5-67 -753583 

To tang. Z nap 23° 15' . . . 9-633338 

And as sine Z A 23° 15' . . . 9-596315 

Is to NF 5-67 -753583 

So is radius 10-000000 

To AF 14-36 1-157268 

Or AF may he found thus: — Euclid, b. 1, p. 47, 

v' 13-19 + 5-67 = 14-36 chains = AF. 

Then 90" — 23° 15' = 66° 45' Z FAs. Therefore the 
bearing and distance of F from A is S 66° 45' W, 14-36 
chains. 

Or the bearing and distance may be found instrumentally, 
if protracted on paper, by applying the protractor to the 
meridian line ns, with its centre on the angular point A, 
observing the magnitude of the Z FAs, which will be found 
66° 45' ; and, from theorem 17, the line AF will bear S 
66° 45' W. The distance may be measured by the scale 
and compasses. 

(33.) In a subterraneous survey ABCDF, commencing 
at the pit A, I wish to have the direct bearing and distance 
on the surface of F from A ? 



Digitized by Google 




TnTH OB WITHOUT THE USE OE THE KBEBUE. 65 



AB, N. 42” E. 
BC, E. . 

CD, N. 9° E. 
DF, S. 69” R 




S 



PRSPARATOBT TABLX. 





Northing. 


Southing. 


Easting. 


Westing. 


Chains. 


Chains. 


Chains. 


Chains. 


Chains. 


N. 42” E. 6-00 


3-72 


... 


3-35 




E. , . 4-00 


• • a 


a. ■ 


4-00 




N. 9” E. 4-00 


3-95 


... 


0-63 




S. 69’’ E. 6-56 


... 


2-00 


6-21 






7-67 


2-00 


1319 






2-00 










5-67 









Now the point F contains 5 chains 67 links of nortliing 
AG, and 13’19 chains of easting GF, from the commence- 
ment A of the survey: Therefore construct the triangle 
AGF, the line NS representing the meridian, N the north, 
and S the south ; AG being given 5-67, and also GF 13'19, 
and the right L G, to determine AF and the L NAF. 

a a 

>/ 13-19 -f 5*67 = 14-36 AF,or the distance of F from A. 

AsAG 5-67 . . . . -753583 

Is to radius . . . . 10*000000 

So is GF 13-19 . . . 1-120245 

To tang. Z A 66” 45' . . . 10-366662 



Therefore the bearing and distance of F from A is N 
66° 45' E, 14-36 chains ; and if that bearing and distance is 
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run off by a circumferentor and chain, on the surface from 
A, it will determine the point thereon immediately vertical 
to the point F in the subterraneous excavation. 

Also, if the different bearings and distances ABCDF are 
protracted on paper, on which the triangle AGF is con- 
structed, beginning at the point A, and making the side AG 
the meridian, the end of the last bearing and distance DF 
will coincide with the angular point F of the triangle, if the 
survey is rightly protracted. 

(34.) In the subterraneous survey ABCDFGH, com- 
mencing at the pit A, I wish to know the direct bearing and 
distance of the point D from A, and also the direct bearing 
and distance of the point H from A, so that a pit may be 
put down from the surface on each of those points ? 




The point D has from A 7’G7 chains of northing Aa, and 
7’98 chains of easting aB ; and the point II has from 
A 2‘96 chains of southing Ai, and 14 63 chains of easting 

m. 

Construct the triangle AaD, and let Aa represent 7‘67 
chains of northing, and aD 7'98 chains of easting; also 
construct the triangle A&H, and let Ab represent 2 '96 chains 
of southing, and 6H 1463 chains of easting: The side AB 
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PRBPARAIOBT TABIE. 





Northiug. 


SouthiD^. 


Basting. 


1 

Westing, j 


• Chains. 


Chains. 


Chains. 


Chains. 


Chains. ! 


N. 42° E. 5-(i0 


3-72 




3-35 


• • • 1 


K. . . 4-00 






4-00 




N. 9° E. 4-00 


3-95 




0-63 


... j 




7-67 




7-98 




S. 69’ E. 5-56 


• • • 


2-00 


5-21 


• •• 


S. 36° E. 7-00 


« < • 


5-66 


4-12 


2-68 


S. 42° W. 4-00 




2-97 




... 




7-67 


10-63 


17-31 


2-68 






7-67 


2-68 


1 


• 




2-96 


14-63 


1 



and Z. NAD is required in the former triangle, and the side 
AH and Z. SAH in the latter. 



Then, as Aa 7'67 . 

Is to radius 
So is «D 7‘93 

To tang. A 46° 8' 



•834795 

10-000000 

•902003 

10-017208 



2 2 

And V 7'67 + 7-98 = 11 06 AD. ’ 



Therefore the bearing and distance of a pit from A on 
the surface, to hit the point D under-ground, will be N 
46“ 8' E, 11-06 chains. 



Also, as A6 2-96 . 
Is to radius 
So is 5H 14-63 . 



•471292 

10-000000 

1-165244 



To tang. ^ A 78° 33' 



10-693952 



2 



And V 14-63 + 2-96 = 14-92 AH. 



Consequently the bearing and distance of a pit from A 
/ 
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on the surface, to hit the point H under-ground, will be 
S 78° 33' E, 14-92 chains. 

(34a.) In the subterraneous survey ABCDEF, com- 
mencing at the pit A, it is required to find the direct 
bearing and distance of the point F from A, so that a pit 
may be sunk from the surface to the point F (see Fig. to 
Art. 20), the required bearing being taken both from the 
meridian NS, and also from a well defined line GH, passing 
through the fired marks G and H and the shaft A, and 
corresponding to a line in the headway AB, determined in 
the manner pointed out in Articles 21 and 22. 

Let the distances be measured, and the angles be taken 
by the theodolite as below : — 



Distances. 

AB = 3-12 chains. 

BC = 4-96 „ 

CD = 2-89 „ 

DE = 4-17 „ 

EF = 6-02 „ 



Angles. 

ABC = 118° 34' 
BCD = 79° 15' 

CDE = 61° 6' 

DEP = l.>58° 57' 



Reduce the angles at B, C, D and E to their bearings from 
GH by Art. 3 ; then find the northing or southing and 
the easting or westing from the Traverse Table by Art. 59 ; 
then proceed as in Art. 34 to find A.g and Fy ; whence by 
trigonometry, as shown in the last-named Article, the 
bearing of F from the fixed line GH, and the distance AF, 
will be readily found. 

Next reduce the angles A, B, C, D and F to their bearing 
from NS, then find the northing or southing and easting 
or westing from the Traverse Table, and proceed as in 
Art. 34 to find Am and Fm ; whence by trigonometry, as 
already shown, the bearing of F from the meridian NS 
and the distance AF will be found. 

Or the bearings and distance in both cases may be found 
from the plan by measuring the angles GAF and NAF 
with the protractor, and the distance AF by the same scale 
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of equal parts as that with which the plan was laid down. 
By doing the work by all these methods its accuracy may 
be further verified. 

It would conduce mucli to the improvement of the 
student to plot the surveys in the following Articles 35 and 
36, by reducing the given bearings to the angles made by 
every two successive lines in each example, as practice of 
this kind will impart great facility in the exercise of his 
profession; and besides, enable him to reason for himself 
and not on every slight occasion to have recourse to 
authors. 

(35.) In the following subterraneous working ABCDF, 
beginning at the pit A, I wish to know the bearing and 
distance of the pit Q from F, the bearing and distance of 
Q- from A being given : — 

FIG, 43. 



Chains. F 
. 4 00 

. . 800 
. 9-00 
. . 8-00 
. 24-00 C 



I 



AB, S. 30° W. . 
BC, N. 50° W. . 
CD, N. 50° E. . 
DF, N. 63° W. . 
AG, N. 20° E. . 
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PREPARATORT TABLE. 





Xortliing. 


Southing. 


Easting. 


Westing. 




Chains. 


Chains. 


Chains. 


Chains. 


Chains. 




S. 30° W. 4-00 


• • • 


3-46 


... 


2-00 




N. 50° \V. 8-00 


5-14 






6-13 




N. 50° E. 9-00 


5-79 




6-89 






N. 53° W, 8-00 


4-81 


... 




6-39 






15-74 


3-46 


6-89 


14-52 






3-46 






6-89 






12-28 


kh 




7-63 


5F 


N. 20° E. 24-00 


22-55 


Art 


8-21 


oQ or 












he 






10-27 











Then Aa 22-55 chains — Ah 12*28 chains = 1027 chains 
ha or cQt, and 'Fh 7-63 chains + aQ- or be 8'21 chains ss 15*84 
chains Fc. 

The Z. «FG, or bearing of the line FQ- from the mag- 
netic meridian ns, and the length of FG are both wanted ; 
and the sides Fc, cG, and the right Z c are given to find 
them. 

As Fc 15-84 .... 1-1997552 

Is to radius . . . . 10 -0000000 

So is Gc 10-27 . . . 1-0115704 

To co-tang. Z F 67“ 3' . . 9-8118162 

Which will he N 57° 3' E with ther magnetic meridian ns. 

t 8 

Also v/ 16-84 + 10-27 = 18 87 FG. 

Therefore the bearing of the pit G from F will be 
N 57° 3' E, and the distance 18-87 chains. 

Plottinff on the surface hy the circumferentor, or theodolite. 

(36.) In this mode of plotting the bearings and distances 
are nin off" on the surface of the earth in the same order as 
taken in the subterraneous survey. Great care must be 
taken in running the length of each bearing as nearly hori- 
zontal as can be, where the surface is uneven and declining. 
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— The first two examples show the dififerent modes of 
commencing the plotting of a survey on the surface, by 
assuming a point to begin at ; and the others following 
show the manner of avoiding an obstacle, as a house, a lake, 
or any other thing that interferes with the line of survey. 

Let the following subterraneous survey be plotted on the 
surface, commencing at the centre of the pit A : — 





Cbaimi. 


S. 45' W. . 


. 6-00 


OQ 

GO 

O 

o 


. 6-00 


N. . . . 


. 500 


N. 70' E. 


. 4-00 


N. 20* E. . 


. 10-00 



s 

Fix the instrument as near the pit A as convenience will 
allow ; (observe to keep the same end of the instrument 
first in the plotting of the survey as was first in making it 
under-ground ; likewise the same end of the needle must 
determine the bearings in the plotting as determined them 
under-ground). Suppose a the place where the instrument 
is fixed, which is such a situation that, when the fore-sight 
is put in the direction of the first bearing, S 45® W, you 
may, by looking backward from a, cut exactly the centre of 
the pit A, the commencement of the survey, — otherwise the 
instrument is not placed in a proper situation. (This first 
point A is obtained by shifting the instrument either to the 
right or left, until it is in the situation before-mentioned.) — 
After the proper situation of the commencement of the 
survey is found, let the assistant take the chain, and 
running 6 chains from the centre of the pit A, which' 
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suppose to extend to B, then AB is the first bearing and 
distance plotted. Bemove the instrument to B, and put 
the fore-sight in direction of S 80° W, measuring the dis- 
tance from B to C 6 chains ; then BC is the second bearing 
and distance. Bemove again the instrument to C, and 
put the foresight in direction of due north, measuring the 
distance from C to D 6 chains; then CD is the third bearing 
and distance. Bemove again the instrument to D, and put 
the fore-sight in direction of N 70° E, measuring from D 
to E 4 chains ; then DF is the fourth bearing and distance. 
Lastly, remove the instrument to F, and putting the fore- 
sight in direction of N 20° E, measure 10 chains from 
F to Q- ; then FQ is the fifth and last bearing and distance. 
If marks are made at B, C, D, F and G, they will represent 
on the surface the excavation with all its windings. 

(37.) Suppose the following subterraneous survey 
ABCDF, to be plotted on the surface, commencing at the 
centre of the pit A : — 







Chalus. 


s. 


e 

O 

CO 


. 400 


N. 


50* W. 


. . 8-CO 


N. 


50* E. . 


. 9-00 


N. 


53° W. 


. ! 8-00 



Instead of following the same mode of commencement, 
as shown in the former example, make any place on the 
surface the point of commencement, as a (the same not 
being far distant from the pit A), and run ofi* from that 
assumed point a the first bearing and distance, in the same 
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maimer as if a was the centre of the pit A ; which first 
bearing and distance S 30° W 4 chains suppose to be 
represented by ab. Before the instrument is removed, 
from a take the bearing and distance of the centre of the 
pit A from a, which suppose S 30° E 3 chains oA, and 
insert it in the column of remarks in the survey-book (for 
fear it should be forgot), as a deflection from the line 
of the subterraneous survey; which deflection must be 
accounted for before the whole of the survey is plotted. 
Now remove the instrument to b, and there turn the sights 
in the direction of S 30° E, running off 3 chains, which let 
iB represent ; then the line AB represents the first bearing 
and distance as if t^en from the centre of the pit A (the 
line of ’deflection Art is now repaid). Remove the instru- 
ment from b to B, and proceed to run off the second bearing 
and distance N 50“ W 8 chains BC, according to the 
method described in the last example. Remove the instru- 
ment to C, and run off the third bearing and distance 
N 50° E 9 chains CD. Lastly remove the instrument to 
D, and run off the fourth bearing and distance N 53° W 
8 chains DF. And if marks are put up at BCD and E, 
they will represent the course of the subterraneous excava- 
tion on the surface. 

Note . — This survey ought also to be plotted by the new methods, given 
in Arts 20 and 21, in the manner directed in Art. 34a. 

To shM the manner how to avoid an obstacle that interferes 
with the line of survey when plotting it on the surface of 
the earth. 

(38.) Suppose the following survey ABCD is to be 
plotted on the surface, commencing at the centre of the 
pit A^— * 



B 



• { 
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Chains.' 

S. 30’ W. . . . 4-00 

N. 50°W. . .8 00 

N. 50’E. . , . 9-00 



Fix tbi instrument at the point a0a the assumod centre 
of the pit A, and run off the first bearing and distance from 
thence, which suppose to extend to b ; then take the bearing 
and distance of A from a for the deflection, which note 
down in the column of remarks in the survey-hook: suppose 
it to he S 30° E 3 chains : Then remove the instrument 
to 5, and from thence run off S 30° E 3 chains JB, and the 
line AB will be the first bearing and distance as run off 
from A. Eemove the instrument to B, and proceed to plot 
the remaining part of the survey. Now the next bearing, 
N 50° W, will be found to run over the lake e ; therefore, 
to avoid this obstruction, let the plotter extend the line Be 
to such a distance that, in running the second bearing 
from e, he may avoid the obstruction. Suppose |j|pds line 
Be to be due west 6 chains, which being noted down in the 
survey-book, remove the instrument to c, and from thence 
let the bearing N 50° W 8 chains be run, which suppose 
it to extend to d; then from d run off due east 6 chains 
(being the reverae of Be), which suppose to extend to C ; 
then BC will be the second bearing and distance. !^move 
the instrument to C, and run off the third»bearing and 
distance, which suppose to extend to D ; then CD will 
represent N 50° E 9 chains, and the whole is plotted. 

The obstruction at e may be more easily avoided by 
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laying down the survey on paper, and drawing on it the 
lines AC AD, which must be measured, and their bearings 
from NS found ; thus the position of the points C and D 
may be determined ; also various other similar methods will 
readily suggest themselves to the student when the obstruc- 
tions are even more formidable than that at e. 

In plotting a survey, either on paper or on the surface of the 
earth, it matters not whether we hegin with the first or 
last bearing, the ending will be the same. 

(39.) Thus, suppose the subterraneous beftings and 
distances are, required to be plotted, in order to determine 
on the surface the situation of the end D from the com- 
mencement A : — 



Chains. 

1st, N. 10° W. . . 5 00 

2nd, N. 40°E. . . 7 '00 

3rd, N, 45°W. . . 6 00 




Suppose A the point or place of commencement, and run 
off from thence the first bearing and distance to B, then 
AB wiU represent N 10° W 5 chains ; and from B run off 
the second bearing and distance to C, then BC will repre- 
sent N 40° E 7 chains ; and from C run off the third 
bearing and ^istance to D, then CD will represent N 45° W 
6 chains, — and the whole is plotted in the order of the 
survey. Now, to plot the same in a manner contrary to 
the order of the survey, begin at the point A, and run off 

B 2 
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the third bearing and distance N 45° W 6 chains, — which 
let AS represent ; run off from S the second bearing and . 
distance N 40° E 7 chains he ; also run off from c the first 
bearing and distance N 10° W 5 chains cD ; which termi- 
nation will correspond with the point D in the former 
method, if the work be right. 

(40.) In the following subterraneous survey ABCDFj 
beginning at the pit A, I wish to have the same plotted on 
the surface, in order to determine the bearing and distance 
of r from A : — 

* Chains. 

AB, N. 42’ E. . . 5-00 

BC, E. , . . 4-00 

CD, N. 9° E. . . 4-00 

DF, S. C9°E. .5-56 

Commence the i>lotting on the surface according as 
directed in the former examples ; and running off the 
bearing and distance AB N 42° E 5 chains, remove the 
instrument to B, and run off the bearing and distance BC 
due east 4 chains ; remove the instrument to C, and run 
off the bearing and distance CD N 9° E 4 chains ; lastly, 
remove the instrument to D, and run off the bearing and 
distance DF S 69° E 5 56 chains, and there make a mark ; 
then return with the instrument to the pit A, and take the 
bearing of the mark at F, which suppose N 64° 44' E ; then 
measure the distance, which suppose 14 40 chains, which 
are the bearing and distance required. Or the circum- 
ferentor may be fixed at F instead of A, and the bearing 
of A taken from it ; which being reversed (see Art. 5), will 
become the bearing of F from A, the same as l^efore. 

Note. — In many cases, where the surveyor is desirous of plotting the 
subterraneous survey on the surface, it will be best to make ehoice of a 
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level piece of ground, sufficiently large to contain the whole, and plot the 
same thereon, assuming a point of commencement in the most advantage- 
ous place. 

(41.) In the following survey of the subterraneous 
working ABCDF, driven from the pit A, I wish to know 
by what bearing the miner must be conducted from F, the 
extreme point of the excavation, just to hit the centre of 
the pit G- ; and also what is the distance of G from F ? 



AB, N. 30° W. 
BC, N. 45° E. 
CD, N. 60° W. 
DF, N. 65° E. 



■ Chains. 
. . 5-50 

. 7-00 

. . 5-00 

. 7-00 




F 



FIC.49 



C 



Commence the plotting at the pit A on the surface, as 
before directed, running off the distances in direction of 
their respective bearings : When the whole is run off to 
F, fix the instrument there, and take the bearing of the 
pit G from it, which suppose S G8° 30' E ; then measure, 
by the chain, the distance of G from F, which suppose 
8 60 chains, the direction and distance required to hit the 
pit G. ' 

In the foregoing subterraneous survey, commencing at 
the pit A, I wish to know the bearing and distance on the 
surface of F from A, without plotting the same ? 

(42.) Reduce the bearings and distances of the survey to 
their northing or southing, and easting or westing (see 
Art. 10, Ex. VII.), in order to obtain the denomination of 
bearing of F from the pit A. Thus : — • 
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PREPARATORT TABLE. 





Northing. 


Southing. 


Easting. 


■ 

Westing, j 


Chains. 


Chains. 


Chains. 


Chains. 


Chains. ; 


N. 30= W. 5-50 


4-76 






2-76 i 


N. 45° E. 7-00 


4-95 




4-95 


• •• 


N. 60°W. 5-00 


8-21 


... 




3-81 


N. 66° E. 7-00 


2-96 


... 


6-34 


... 




15*88 . 


Aa 


11-29 

6-56 

4-73 


6-56 ’ 

1 

aF j 



The denomination of bearing of the extreme part of the 
excavation F from the pit A is 15 88 chains of northing, and 
4 73 chains of easting. Therefore, 

As Aa 15-88 . . . . 1-2008605 

Is to radius . . . . 10-0000000 

So is aF 4-73 . . . -6748611 

To tang. Z aAF 16= 35' . . 9-4740106 



And V 16-88 + 4-73 = 16-66 = AF. 

Now fix the instrument at the pit A, and run off from 
thence the bearing and distance N 16° 35' E 16 56 chains, 
and the situation of F, with respect to the pit A, will be 
liad on the surface. 

(43.) In the workings of the pit A, see fig. 30 to 
Art. 17, 1 wish to know how far each bord or excavation 
opQ^qrst is distant from the boundary cdfgmn ? 

To obtain what is required, fix the circumferentor at the 
pit A, and survey in direction of AaG, YF, and iH, which 
are the excavations next the boundary, — measuring the 
distance that each bord opGgrst is driven towards the 
boundary from the headways VF and iH, entering them, 
according to the following form, in the survey-book. 
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SURYSr-BOOK. 



Bcariugs. 


Bomarks to Left. 


Distance. 


Bemarks to Bight. 








Chains. 






S. 80° W. 


• • • • 


1-60 


• • > • 


Aa 


S. 70° W. 


• ■ • • 


1-80 


. • • 


aQ 






0-80 


A headways 6, and 










a chalk mark + to 
return to. 






A headways V, and a 


1-20 








chalk mark to 

return to. 










Betumed to . 




mark -t at V. 




S. 10° W. 


• • • • 


• 2-40 


• • • • 


VF 






0-80 


Bord^, 1 ‘30 chains 










towards the boun- 
dary. 








1-60 


Bord 0 , 1 chain to- 










wards ditto. 






Betumed to . 


... 


mark -f at h. 




N. 1° W. 


• . • • 


5-00 


• • » • 


6H 




Bord q, 90 links to- 
wards the boundary 


0-80 








Bord r; 60 links to- 


170 








wards the boundary 
Bord s, 60 links to- 


2-55 








wards the boundary 










Bord t, 55 links to- 
wards the boundary 


3-40 


# 





Note. — The student must recollect to enter in this and all other survey- 
books in the first column the angles which every sncoessiTe lines in 
the survey make with one another when the new methou-s given in Arte. 
20 and 21, are nsed ; besides, not only this survey, bnt also the following 
one, ought to be done without the use of the magnet. 

Now the survey underground being finished, fii the 
instrument at the pit A, on the surface, and run OS’ the 
bearing and distance therefrom, in the order at taken 
underground, — the first S 80° W. 1'60 chains Aa : Bemove 
the instrument to a, and run off the next bearing and 
distance S 70° W 1‘80 chains aQ- ; at 80 links make a mark 
on the surface, as represented by h ; also at 1’20 chains 
make another, as represented by V ; and at Q- make another ; 
Then with the chain measure the distance Gif, which sup- 
pose 1'30 chains, which is the distance the excavation G1 is 
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short of the boundary, — which must be recorded in the 
miner’s book of memorandums. Return with the instru- 
ment to the mark made on the surface at V, and run off 
S 10° W 2‘40 chains VF ; at 80 links, in direction from 
V to F, run off the bord f 1*30 chains to the right, per- 
pendicular to the headways VF, and there make a mark 
at I? : Then measure the distance pe, which suppose 1 chain, 
which is the distance of the bord f from the boundary, — 
which must be recorded. Also at 1‘60 chains run off the 
bord 0 1 chain to the right, similar to the former, and make 
a mark at o : Then measure the distance oi, which suppose 
70 links, which is the distance of the bord o from the 
boundary, — which must also be recorded. Return with the 
instrument to the mark made on the surface at 6, and run 
off N 1° W 5 chains &H, and there make a mark : Then mea- 
sure the distance Hn, which suppose 80 links, which is the 
distance of the headways JH from the boundary. At 80 
links, in the direction from h to H , run off the bord j 90 
links to the left, perpendicular to the headways 6H, and 
there make a mark at g- : Then measure the distance qg, 
which suppose 70 links, which is the distance of the bord q 
from the boundary. From 1’70 chains run off the bord r 
GO links to the left, and make a mark at r : Then measure the 
distance rh, which suppose ITO chains, which will be the 
distance of the bord r from the boundary. From 2-55 
chains run off the bord s GO links to the left, and make a 
mark at s : Then measure the distance sk, which suppose 
1'50 chains, which will be the distance of the bord s from 
the boundary. From 3'40 chains run off the bord t 55 links 
to the left, and make a mark at t: Then measure the 
distance tm, which suppose 1'80 chains, which will be the 
distance of the bord t from the boundary, — and the whole 
will be finished. 

(44.) In the following subterraneous survey ABCDF, 
commencing at the pit A, I wish to know the bearing and 
distance of F from A : — 
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FICSO 








Chains. 


N. 


30° W. • , 


. 5-50 


N. 


45° E. . 


. . 7-00 


N. 


50° W. 


. 5-00 


N. 


C5° E. . 


. . 7-00 





"St: 

rt :a 

s 2 

ic t*S s 
£ .2 ^ 
-tJ B) T* 

a S S u 

a 6: 5 6 


Chains. 
2-75 W. 

2 -20 E. 

1-61 W. 

4-73 E. 


CO 

1 

1 


Northing and 
southing dist- 
anco from A. 


Chains. 
4-76 N. 

9-71 N. 

ft 

12-92 N. 
15 -8S N. 


i . ' V- 

1 is” 


P O r-4 

‘S « : 

g C-l ■ CO 


1 


East- 

ing. 


Chains. 

4-95 

6-34 


CO 

i 


South- 

iug. 


ec 

.2 . . . . 
««:::• 

,£3 

..O 1 


1 . 

1 

1 


North- 

ing. 


Chains. 

4-70 

4-95 

3-21 

2-96 

! 


rH 


TS 
S 95 

ai 

fl «3 
‘C ir. 


o5 o o o o 

a o o o o 

^ O ^ ib i.^ 

^ w ^ c4 

o o o 

CO 

tz; 
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Fix the iustrument at A, and run ofF the line A.d 15 
chains 88 links on the magnetic meridian of A (from the 
6fch column of the table), for the northing of F from A ; 
and also 4 chains 73 links JF (from the 7th column of the 
table), for the casting of F from the magnetic meridian of 
A : Then at F fix up a mark, and take its bearing and dis- 
tance from A, which suppose Is 16^ 35' E IQ'56 chains, — 
Avhich is the bearing and distance required. * 

This mode of plotting will be-tedious, and liable to error, 
particularly where the surface is uneven. 

• 

The manner of making a survey where the subterraneous 
. excavation declines from the horizon. 

(45.) In making surveys where the distances measured 
are not horizontal, but rising or falling, or both, it will be 
necessary for the surveyor to reduce all his measurements 
to horizontal distances, which may be obtained by taking 
the angle that each separate distance makes with the 
horizon, noting the same down opposite its respective bear- 
ing, in a column nMMle for that purpose in the survey-book. 



PIC El 




Suppose Ae and ad to be lines parallel to the horizon, 
and AJCD is the undulating excavation which is to be 
surveyed, commencing at A ; let the bearing and distance 
taken in such a situation as that of Ai to be N 10° W 
5 chains, and the angle fA.h which such excavation makes 
with the horizon to be 30° ; and another in such a situation 
as that of &C N 20° W 6 chains, and the angle Che which 
it makes with the horizon to be 20° ; also another in the 
situation of CD N 20° E 12 chains, and the angle DCe 
which it makes with the horizon to be 10° ; — which bearings. 
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distances, &c., must be inserted in the following survey 
book : — Thus, the first column containing the bearings and 
declining distances, the second column the magnitude of 
the angle that each bearing forms with the horizon, and 
the third the declining distance of each bearing reduced by 
the traverse tables to horizontal distance. This third 
column may be made at the surveyor’s leisure, but previous 
to its being plotted. 

Subtst-Book. 



1. 


2. 


3. 


Rising and falling 
distanoea. 


Angle that 
each bearing 
forma with the 
horizon. 


The horizontal distance 
of each bearing. 1 

1 


Chains. 




Chains. 


N. 10°W. 5 00 


30° 


4 -33 A/ or ah 


N. 20“W. 6 -00 


20° 


5-64 he 'jT Cf 


N. SO” E. 12-00 


10° 


11 -S2 C ,or cd 



I shall protract the survey first without reducing the 



declining measurem^ts to horizontal 



FIG 52 



distances, from the first column of the ' 
foregoing survey-book ; ^nd, secondly, 
by the same, reduced to horizontal 
distances, taken from the third column, 

— in order to show the error arising ^ 
from the protracting of declining or 
hypothenusal distances. c 

Without reducing the declining dis- 
tances. — Let Ai represent N 10° W 5 
chains, iC N 20° W 6 chains, and CD N 
20° E 12 chains ; then AJCD will re- 
present the survey protracted according 
to the first column of the survey- 
book. 

Where the declining lengths of each 
hearing are reduced to horizontal dis- 
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tance . — Let A6’ represent N 10° W 4 33 chains (from 
tlie 3rd column of the survey-book), Vc N 20° W 5 64 chains, 
and cd N 20° Ell-82 chains; then k.Vcd will* represent 
the true protraction, and AiCD the false one, — and dD 
will be the amount of the error. 

As it is common among practical miners, when plotting 
their surveys, to add a number of bearings and distances 
together, taking the mean sum of the degrees contained in 
the bearings so added for the common bearing of the whole, 
when they are all on the same side of the same meridian, — 
and the sum of the lengths of all the bearings for the 
length of the whole, — I shall therefore show the errors 
which result from such practices. 

(46.) Suppose AB N 30° W 10 chains, and BC N 60° W 
20 chains to he plotted. 



nc.53. N 




Now it appears that N 40° W 30 chains will be the bear- 
ing and distance equal to both, by this method. 
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By the true method. 

i 

Northiug. i Westing. 

Chains. Chains. 

8-66 5 00 

12-86 15-32 

■ 

21-52 20-32 

As 21-52 .... 1-33284-20 

Is to radius . . . . 10.0000000 

f?o is 20-32 .... 1-3079240 

To tang. £ aAC 4.3° 21' . . 9-9750820 

a a 

And V 21-52 + 20 -.32 = 29-59 chains = AC. 

Then N 43° 21' "W 29-59 chalna is the true bearing and 
distance of C from A, instead of N 40° W 30 chains ; — 
and the magnitude of the error will be their difference, i. e. 
30—29 59 = 41 links; it is hence presumed that no sur- 
veyor will use the false method. 

A promiscuous collection of practical questions. 

(47.) Example I. — I wish to drive a drift or subter- 
raneous excavation from 
the point A to hit the 
pit C, which is on the 
other side of a river; 
now I run a line AB 
by the river side, N 85° 

E 20 chains long, which 
from the point A, I 
found C to bear N 42° 

E, and also from the 
point B, I found C to 
bear N 30° W ; I therefore desire to know what will be the 
length of the excavation or drift AC ? 
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From the rules for reducing bearings into angles, zA 
= 43°, Z B = 65°, and Z C = 72° ; therefore, by trigonometry, 
the excavation AC will be 19'05 chains in length. 

Example II. — There is a pit C (see la^ th^ 

other side of a river, to which I wish to drive a drift from 
a given point ; I took the bearing of the pit C from A, 
which was N 42° E, and after running a Line AB by the 
river side in direction of N 85° E 20 chains, I also took its 
bearing again from B, which I found to be N 30° W ; now I 
demand to know under what bearing I must set off a drift 
from a point D, 8 chains from A, along the line AB, so that 
I may hit C, — and also what will be the length of the drift 
DC? 

Z A = 43°, Z B = 65°. The line DC, which is the direction 
of the drift or excavation, will be found to form an angle 
with the line DB of 65° 33', and the line DB forms an 
angle of 85° to the left of the north magnetic meridian ; 
therefore, from the rule for reducing angles into bearings 
(Art. 3), the drift DC will bear N 19° 27' E, and its length 
will be 14'29 chains. 

Example III. — There is an inaccessible point C (see fig. 
to Ex. I.), to which a drift is to be driven underground ; 
now the migle A is found to be 43°, the angle B = 66°, and 
the length of the drift AB = 20 chains: how far from A 
must a drift be set off to arrive at C by the shortest dis- 
tance possible? 

Tbe shortest distance between AB and the point C is a 
line perpendicular to AB, let fall from the point C. 

The point, from which the drift DO must be driven, by 
the shortest distance possible, will be 13*94 chains from A, 
as required. 

Example IV. — I made a survey along the side of a hill 
from A to B, under the following bearings and distances 
viz., Aa N 76° E 20 chains, ab S 80° E 19 chains, he N 73° E 
15*60 chains, and cB S 71° E 18*65 chains ; now I wish to 
make a straight tunnel from A to B ; therefore I demand to 
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know under wliat bearing it must be Conducted, and what 
will be its length ? 

N F1&.53. 

A 

S 




Erom the traverse tables, the point B will have 7'63 
chains of southing Ad, and 65-17 chains of easting dB from 
A; and the angle SAB = 83° 43', which is the angle that 
the line AB makes with the south meridian, — and AB being 
the direction of the tunnel, therefore it must be conducted 
from A to B under the bearing of S 83° 43' E, and its length 
will be 65’61 chains. 

Example V. — There is a vein of lead ore AB, which I 
find forms an angle CAB of 
82° with the horizon ; n*w I 
wish to know how deep my 
shaft DB must be sunk before 
I cut the vein, if I set it oflT 
at the distance of 30 yards 
from A to D at the surface ? 

Ans. DB = 213-4 yds. 

Example VI. — There is a 
vein of lead ore AB (see last 
fig.), which forms an angle 
CAB of 70° with the horizon, 
on which I wish to sink a shaft 
DB ; I demand to know what 
distance AD the shaft must be set off from the vein at the 
surface, just to cut it at the depth of 141 yards ? 

The distance AD that the shaft must be set off at the 
surface from the vein AB, just to cut it at the depth of 141 
yards, will be 61-3 yards. 




f 
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Example VII. — I have to set a drift BC from the bottom 
of a pit AB, which is to be driven truly level ; now I wish 

to know at what 
distance from the 
pit B it will cut 
the stratum of coal 
DE, which dips so 
as to form an an- 
gle flDE of 20" 
with the horizon, 
the drift BC being 
set from the bot- 
tom of the pit at B, 40 yards perpendicularly below the 
seam D,' and driven in direction of the dip of the stratum ? 
Ans. BC = 109 9 yds. 

Example VIII. — I set off a drift at the side of a hill A, 

which was driven tryly level, and 
cut a vein of lead ore at B, 100 
yards ^stant from A, which vein 
I found to make an angle of 65° 
ABC with the horizon*; now I 
wish to know what depth a shaft 
at A must be sunk just to cut 
the vein at C ? 

Ans. AC = 214-4 yds. 
Example IX.— In the sub- 
terraneous survey ABCD, in 
the form of a trapezium, are 
two shafts E and ^E, joined by 
a fifth straight drift EE. Now 
this survey was made with 
a magnetic needle, w-hich was 
afterwards found to be de- 
fective in its indications, on account of the presence of 
ferruginous substances both in the mine and off the surface ; 
therefore, how is the work to be plotted, since the angles 
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cannot be relied upon ; arid only the lengths of five drifts, 
and the segments of the drifts 
AB and CD made by the drift o 
EF, are given; moreover, the 
tops of the shafts F and E 
range with the sun at p.m. 
on the 18th of October, 1860 ? 

Note, — The solution of this question will require a knowledge of the 
application of algebra to geometry and of spherical trigonometry to 
astronomy. 

Example X. — There is a vein of lead ore AC, which 
forms an angle aKe of 80° 
with the horizon Ac ; now 
I have sunk a shaft AB on 
the vein at the surface, to 
the depth of 120 yards 
perpendicular; I desire to 
know what distance the 
bottom of the shaft B will 
be from the vein ? 

Ans. BC = 21’1 yds. ‘ 

Example XI. — I made 
a survey of a subterraneous 
excavation ABCDFQ- (see 
the following bearings and 
distances), commencing at the pit A ; now I wish to know, on 
the surface, by one single bearing and distance, to be taken 
from the pit A, where I must sink a pit perpendicularly 
upon G, the extreme end of the excavation ? 
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Chains. 


AB, 


N. 20° 'W. . 


. 15-50 


BC, 


N. 60° E. 


. 12-00 


CD, 


N. 15° E. . 


. 10-50 


DF, 


N. 86° E. . 


. 15-00 


FO, 


S. 25°E. . 


. 16-60 



The extreme point G of the excavation ■will have 16'98 
chains of northing Aa, and 29 76 chains of easting aG, from 
A ; therefore the line AG will be found to bear N 60° 17' E 
■with SN, the magnetic meridian of A, and its length •wiU 
be 34-26 chains, — the bearing and distance required. 

Note . — This Example ought also to be solved by taking the angles from 
the direction of the drift AB (the position of which is assumed to be fixed 
on the surfime), by the method given in Art. 21. 

Example XII. — I have to drive an excavation from B 
towards A, which is to rise 1 inch in every 60 feet of its 

length; now I wish 
to put down an air- 
^ shaft P thereon, just 
" 1600 yards from its 
mouth B ; what will 
be the depth of the 
shaft from the sur- 
face to the sole of the 
drift or excavation, when the surface at P, the place where 
it has to be sunk, is 350 feet above the level of B, the mouth 
of the excavation ? 

Ans. ^\Z^feet. 

Example XIII. — A headway is driven into a coal-stratum 
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from the foot of a hill ; the straight portions of the headway, 
commencing at A, are AB = 5‘63 chains, BC = 5-18, CD = 
3'80, DE = 4'71, and EF = 7’02; the angles are ABC = 
121° 16', BCD = 228°5', CDE=164°52', and DEF = 168° 
29', all the angles being taken by the theodolite on the 
right side of the lines in the headway. A shaft is required 
to be sunk on the hill to the coal-stratum, at the levelled or 
horizontal distance of 37'50 chains from the entrance of the 
headway, from which the top «of the proposed shaft bears 
37°42' to the right of the direction of the first straight por- 
tion of the headway AB. Now the coal-stratum rises 
uniformly at the rate of If inches in a chain ; it is required 
to find the direction and length of the additional headway 
from E to the bottom of the proposed shaft, also its depth, 
the angle of elevation of the top of the shaft from the 
entrance A of the headway being 12° 8'. 
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PART III. 

— » — 

This part of the M ork trefts of those subjects which are 
particularly necessary to be attended to, because of the 
great number of existing surveys, which have been made by 
the help of the magnetic needle ; and the consequent neces- 
sity- of attending to the magnetic variation at the different 
periods of time, at which those surveys were made ; of show- 
ing the method of finding the true meridian, and of deter- 
mining the variation of different magnetic needles at 
different times, and of the manner of reducing bearings 
taken with the magnetic meridian to those formed with the 
true meridian. Various other subjects interesting to miners 
are here discussed, concluding with a Traverse Table, and 
the method of estimating the produce of seams of coal. 



AXIOMS AND OBSERVATIONS. 

(48.) 1. — Two magnetic needles seldom have exactly the 
same variation. 

2. — The magnetic variation not being stationary, the 
variation of the needle of all instruments depending thereon 
will change accordingly. 

3. — If a subterraneous survey is made by one instru-* 
ment, and plotted on the surface by another, the needles of 
each having different magnetic variation, the plotting will 
be erroneous if the bearings to be plotted are not pre- 
viously reduced to bearings with that magnetic needle by 
which it is to bo plotted. 

4. — If a subterraneous survey is made by one instru- 
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ment, and plotted on the surface by another, the needles of 
both having the same magnetic variation, the’ survey will be 
truly plotted. 

5. — If a survey is plotted on the surface immediately 
after it has been taken under ground (by the same instru- 
ment), no material error can result. 

6. — If a survey is plotted on the surface by the same 
instrument it was made with, but at some distant time after, 
the plotting will be erroneous, inasmuch as the magnetic 
variation has changed in the time between the survey being 
taken underground and its being plotted on the surface. 

7. — All bearings of subterraneous excavations which 
are added, from time to time, on any plan kept for that 
purpose, must be reduced to bearings with the delineated 
meridian of that plan, previous to their being plotted 
thereon, otherwise the plotting will be erroneous. 

8. — All surveys of subterraneous excavations which 
are recorded for future purposes must be recorded with the 
variation of the needle by which they have been "taken, or 
otherwise they must be reduced to bearings with the true 
meridian, and so recorded, notifying the same. 

9. — All the .preceding axioms and observations will be 
unnecessary in new surveys, which are made without the 
use of the needle, and which are unconnected with old 
surveys. 

Of the magnetic variation of the needle. 

(49.) Since nearly all subterraneous surveys have been 
made by, or have reference to, the magnetic needle, each 
bearing (as shown in the first part of this work) is taken 
by the angle it makes with the magnetic meridian ; and that 
magnetic meridian has been continually changing at the 
rate of about 9 minutes annually, for 230 years, from north 
towards the west, up to 1793 ; but its annual declination was 
afterwards not so great, for the north end of the needle was 
little more than 24 degrees westward of the true meridian 
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of London in 1803 : At Paris it was somewhat less, still 
continuing to increase or decrease at a slnw rate ; while in 
some parts of the world the north end of the needle was 
even eastward of the true meridian at the last-named date. 
As the magnetic meridian is always changing, it must neces- 
sarily follow, that the same line which formed an angle with 
it, of a certain magnitude, on any particular day, will not 
(we have strong reasons to suppose) form the same angle 
that day twelve months with the then magnetic meridian : 
Hence follows the great necessity of reducing every bear- . 
ing to the angle it will form with the true or invariable 
meridian ; the manner of doing it will be shown hereafter : 
Also the records of subterraneous surveys noted down for 
future purposes, where the surveyor has neglected to insert 
from what kind of meridian the bearings thereof are formed ; 
by such neglect those records will not only cease to be of 
use, but win tend to mislfead. 

I shall insert. a table, showing the different degrees of 
magnetic variation at different times from the year 1575 to 
1858, which is nearly to the present time : 



VABIATIOTt AT XONDON. 



Year. 


Variation. 


Year. 


Variation. 


1576 


11“ 15' ) 




1745 


10° 53' ■> 




1580 


11“ 11 




, 1750 


17“ 54' 




1612 


6“ 10' 


E. 


1760 


19“ 1-2' 




1622 


6“ 0' 


1765 


20“ 0' 




1633 


4“ 5' 




1770 


20“ 35' 




1657 


0“ 0' J 




1775 


21“ 28' 




1666 


1“ 35' S 




1777 


21“ 57' 




1672 

1683 


2“ 30' 
4“ 30' 




1779 

1780 


22“ 4' 

22“ 26' 


Uv. 


1692 


6“ 0' 




1786 


23“ 19' 




1700 


8“ O'- 


W. 


1789 


28“ 36' 




1717 


10“ 42' 


1793 


23“ 51' 




1724 


11“ 4.V 




1797 


24“ 2' 




1730 


13“ 0' 




1800 


24“ 6' 




1735 


14“ 16' 




1803 


24“ 9' 




1740 


16“ 40' ^ 




1806 


24“ 15' 
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VARiATios AT LOHDON. — OorUinued. 



Year. 


Variation. 


1 

j Tear. 


Variation 




1809 


24® 


22' 


\ 




1835 


23° 


32' 




1812 


24° 


28' 






1838 


23° 


19' 




1815 


24° 


35' 






1841 


23° 


6' 




1818 


24° 


41' 






1844 


22° 


52' 




1820 


24“ 


32' 




i w. 


1 1847 


22° 


41' 


W. 


1823 


24° 


20' 




( 


1850 


22® 


30' 


1826 


24° 


8' 






1853 


22° 


19' 




1829 


23° 


56' 






1856 


22° 


8' 




1832 


23° 


44' 






1858 


22° 


2' J 





Xote . — By the valuation being east or west, is meant that the north end 
of the magnetic needle is on the east or west side of the true meridian ; 
and where the variation is called cast or west in the following part of this 
work, it is to be understood that the north end of the magnet'c needle has 
east or west variation accordingly, except it is pdHacolarfy mentioned to 
the contrary. 

From the table it appears the magnetic needle liad east variation in the 
year 1576; that is, its north end was 11° 15' on the east side of the true 
meridian of London ; and in 1657 the needle was in direction of the true 
meridian ; and since that time it has been veering about to the west, 
until it has got upwanls of 24° to the westward thereof. Besides this 
annual variation just mentioned, it has a daily variation. 

1 shall insert a table, showing the diurnal variation taken at different 
hours of the 27th day of June, 1759, by Mr. Canton. — {Phil. Trans., 
vol. 51.) 





Hrs. 


Min. 


Declination 


Degrees of 






« 


west. 


Fahrenheit’s 










thermom. 






r 0 


18 


18° 2' 


62° 






6 


4 


18° 68' 


62° 


Morning . 




8 

9 


30 

2 


18° 65' 
18° 54' 


65° 

67° 






10 


20 


18° 57' 


69° 






1 11 


40 


19* 4' 


684° 






r 


60 


19° 9' 


70° 






1 


38 


19° 8' 


70° 


Aftentoon . 


- 


3 

7 


10 

20 


19° 8' 
18° 69' 


68° 

61° 






9 


12 


19° 6' 


59° 






1 11 


40 


18° 61' 


574° 
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The mean variation of each month of the year . — 



January 


. 7' 8" 


July . 


13' 14" 


February 


. 8' 68" 


August . . . 


12' 19" 


March 


. 11' 17" 


September . 


11' 43" 


April . 


. 12' 26" 


October . . . 


10' 36" 


May . 


. 13' 0’ 


November . 


8' 9" 


June 


. 13' 21" 


December . . 


6' 68" 



To find the true meridian. 

(50.) I shall lay down an easy and comprehensive rule to 
find the true meridian, which is preparatory to the deter- 
miniog of the magnetic variation of the needle. It is well 
known that the sun, at 12 o’clock at noon, is due south in 
all northern latitades ; and if a pole is set up perpendicular 
to the horizon, its shadow at that hour will bear exactly 
north, or in direction of the true meridian ; — also the shadow 
of the pole will be shortest at that precise time. 

Let ABC be a board perfectly plain and clear of twist- 
ings, and of a triangular form, each side about 30 inches 
long, having a number of concentric circles cde about 
inch asunder, drawn on its surface from a centre a. Now 
let this board be placed horizontal by means of a spirit level, 
with its angular point C towards the south ; and at o, the 
centre of the concentric circles, let there be fixed an upright 
pin about 10 inches long, exactly perpendicular to the 
board, and also perpendicular to the horizon. All this being 
done on a clear day, and before the sun arrives on the 
meridian of the place of observation, which I shall say about 
11 o’clock, then observe carefully the first concentric circle 
that the end of the shadow of the pin fixed at a touches, 
which suppose to be at/, and there make a mark : Then ob- 
serve again carefully when the end pf the same shadow 
touches on the same concentric circle, which will be about 
1 o’clock, — suppose it to be at there make another mark ; 
Then with a pair of compasses divide the distance fg, and 
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tbe point in the middle between which, suppose h, will be 
the direction of the shadow of the pin at 12 o’clock : Con- 
sequently ah is tbe 
direction of the true 
meridian. Then by 
placing an upright A 
sight E, with a slit . 

Jck in it, on the 
table, the centre of 
which coinciding with 
the point h, the pin 
at a having an open- 
ing in it similar to 
hh, with a perpen- 
dicular hair in direc- 
tion of the opening ; 
and by looking 
through the sight E, 
together with tlie 
hair in the centre of 
the opening in the 
pin placed at o, the 
meridian may be ex- 
tended to any distance S on the surface ; in the direction of 
which line it will be proper to place two permanent marks, 
as represented by NS, whose distance may be from 100 to 
300 yards, for the purpose of determining at all times the 
magnetic variation of the needle of the different instruments, 
made use of in surveying : Such a line every director of 
mines ought to have marked out in the situation of the mine 
he directs. 

(50a.) If the student be acquainted with the application 
of spherical trigonometry to astronomy, he will find the 
following method of finding the true meridian to be greatly 
preferable to that just given. LetS represent the place of 
the sun’s centre, P the north pole, and Z the zenith ; these 

r 
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three points being the angles of a spherical triangle SPZ 
(the student can readily draw the figure for himself), in 
which SZ represents the co-altitude of the sun, when he 
comes into the direction of the required bearing of the drift 
in the mine ; SP the sun’s co-declinatinn on the day of 
observation (which will be found in the Nautical Almanack 
for the year in which the observation is made) ; and PZ the 
co-latitude of the place of the mine (which is usually well 
known). Prom the given spherical triangle SPZ the angle 
Z may be readily found, which is the azimuth or bearing of 
the sun from the north at the time of observation, and also 
the bearing of the drift ; whence also the true meridian may 
be readily deduced for the following purpose. 



F.1&.64. 



N 



To determ ine the magnetic variation of the needle of any 
instrument. 

(51.) Suppose N and S to be marks representing the 
true meridian, S the south and N the north ; place the in- 
strument (whose magnetic variation you would 
wish to know) at S, and turn the sights in 
direction of SN until N is seen through them ; 
at the same time observe the bearing of the 
needle of the instrument, and whatever N 
is found to bear from due north, as much will 
the magnetic meridian differ from the true 
meridian. Suppose the north end of the 
needle to stand in diction of SdJ, then the 
true meridian SN will be to the east of the 
magnetic as much as the angle dSN, which 
suppose 23°; then SN will bear N 23° E with 
the magnetic mefidian : Consequently the 
needle of the instrument may be said to have 
23“ of west variation, as the north end 
thereof is 23° to the west or left of tiie 
S true meridian SN. Or if the north end 
of the needle stand in direction of Se, then the true meri- 
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dian SN ■will be to the west of the magnetic as much as 
the angle cSIs, which, if equal to 23°, then SN will bear 
N 23^" W : Then the needle may be said to have 23° of east 
variation, the north end thereof being 23* to the east or 
right of the true meridian SN. 

The manner of reducing hearings from a magnetic to a true 

meridian. 

(52.) Let NS represent the true meridian, N the north 
and S the south, and ns a magnetic needle suspended on a 
centre c, representing the magnetic meridian, n the north 
and s the south ; then the arch na will be the variation of 
the magnetic meridian from the true meridian, which may 
be called west va- 
riation, the north 
end of the needle 
being to the west 
side of the true 
meridian : And if 
the angle nca is 
equal to 23 ', then 
the needle ■vsill 
have 23° of west 
variation, and the 
south end s will 
have 23° of east 
variation ; for s 
will be to the east 
of the true south 
meridian line as 
much as th^ north 
end n is to the west of the true<iorth meridian line. — 
(See theorem 3.) 

1st. — Suppose the circle WE to represent a circum- 
ferentor, and that the bearing of the object O with the true 
meridian is required ; if nt is the needle representing the 

V 2 
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magnetic meridian, and the object O is found to form an angle 
nca with it of 23°, which (from the manner of determining 
bearings, Art. 2) may be called N 23“ E, and, as before, the 
magnetic variation of the needle being 23° to the west of the 
time meridian, then 23° — 23“ = 0 ; therefore the bearing 
of O with the true meridian ScN will be due north, for the 
needle ought to have stood in direction ah. 

2d. — Suppose again the bearing of the object A with the 
true meridian is required ; the bearing of A with the mag- 
netic meridian will be equal to the angle ncK, which call N 
10’ W ; but as the magnetic meridian has 23° of west varia- 
tion, the bearing of A with the true meridian will be N 
23“ + 10° = 33° W ; for angle ocA is equal to 33“, which is 
the angle that ck. makes with the true meridian ScN. 

3d. — Suppose again the bearing of the object C with the 
true meridian is required ; the bearing of C with the 
magnetic meridian will be equal to the angle ncC, which 
call N 53° E ; but the variation of the needle being 23° to 
the west of true north, and ought to have stood in the 
direction of ab, consequently the bearing of C from c with 
the true meridian will be N 53" — 23° = 30° E ; for angle 
acG is equal to 30°, which is the angle that the line cC makes 
w’ith the true meridian line ScN. 

4th. — Suppose the bearing of the object D wdth the true 
meridian is required ; the bearing of D with the south mag- 
netic meridian will be equal to the angle «cD, which call 
S 56“ W ; but the south end of the needle having 23“ of 
east variation, and ought to have stood in direction of ab 
the true meridian, consequently the bearing of D from c 
with the true meridian will be S 56° — 23° = 33“ W ; for 
angle 5cD is equal to 33“, which is the angle that the line 
cD makes with the tru& meridian line NcS. 

6th. — Suppose again the bearing of the object B with the 
true meridian is required ; the bearing of B with the mag- 
netic meridian will be equal to the angle «cB, which call S 
15“ E ; but the south end of the needle having 23“ of east 
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variation, consequently the true bearing of B will be S 
15“ + 23“ = 38“ E ; for angle icB is equal to 38°, which is 
the angle that the line cB makes with the true meridian 
line NcS. 

6th. — Suppose again the bearing of the object F with the 
true meridian is required ; the bearing of F with the mag- 
netic meridian will be equal to the angle ncF, which call N 
13“ E ; but the magnetic meridian has 28“ of west variation, 
consequently the bearing of F with the true meridian will 
be N 23“ — 13“ = 10“ W \ for angle acF is equal to 10“, 
which is the angle that the line <?F makes to the left with 
the true meridian ScN. 

7th. — Suppose again the bearing of the object G witli 
the true meridian is required ; the bearing of G with the 
magnetic meridian will be equal to the angle scGr, which 
call S 13“ W ; but the south magnetic meridian has 23° of 
east variation, consequently the bearing of G with the true 
meridian will be S 23° — 13“ = 10“ E ; for angle IcGt is equal 
to 10“, which is the angle that the line cG makes to the 
right with the true meridian NcS. 

8th. — Suppose again the bearing of the object K with 
the true meridian is required ; the bearing of K with the 
magnetic meridian will be equal to the angle ncK, which 
call N 80° W ; the magnetic meridian having 23“ of west 
variation, the angle that cK will make with the true north 
meridian cN will be 80“ + 23° = 103“, acK ; but as it exceeds 
90“, therefore 180° —103“ = 77“, angle icK; then the bear- 
ing of K with the true meridian will be S 77° W ; for angle 
bcK. is equal to 77“, which is the angle that the line cK 
makes with the true south meridian line NcS. 

N.B. — The true bearing of any object is nothing more 
than the angle that the object makes with the true meridian, 
instead of the angle it forms with the magnetic meridian ; 
therefore, by the several cases of Art. 52, the method of 
solving the following examples wiU be readily seen : 

Example I. — If the following bearings, 20“ W, N 60“ 
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E, N 70^ W, and X 13 E are taken by an instrument whose 
magnetic needle has 23“ west variation, what will be their 
bearings with the true meridian ? 

The first bearing X 20“ W will form a bearing of X 
20° + 23“ ^ 43° W w'ith the true meridian. 

The second bearing, X 60° E, will form a bearing of X 
60 — 23° = 37° E with the true meridian. 

The third bearing, X 70° W, will form a bearing of 
180“ - 70° + 23° = 87°, which will be S 87° W with the 
true meridian. 

The fourth bearing, X 13“ E, will fonn a bearing of X 
23° - 13° = 10° W with the true meridian. 



With the magnetic meridian. 
Thus, K. 20“ W. 

N. 60° E. 

N. 70° W. 

N. 13° E. 



With the true meridian. 
N. 43° W. 

N. 37° E. 

S. 87° W. 

N. 10° W. 



Example II. — If the following bearings are taken by a 
meridian having 23° of west variation — S 10° W, X 10° E, 
X 50“ E, and X 20° AV — what will be their bearings with 
the true meridian ? 



With the magnetic meridian. 
S. 10° W. 

N. 10° E. 

N. 50° E. 

N. 20° W. 



With the true meridian. 
S. 13° E. 

N. 13° tv. 

N. 27° E. 

N. 43° W. 



Example III. — If the following bearings are taken by a 
meridian having 10“ of west variation — X 50° AV, X 70° E, 
S 5“ E, and S 60° AV — what will be their bearings with 
the true" meridian ? 



With the magnetic meridian, 
N. 50° W. 

N. 70° E. 

S. 5° E. 

S? 60° W. 



With the true meridian. 
N. 60° W. 

N. 60° E. 

S. 16° E. 

S. 60° W. ■ 
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EiAiiPiiE IV. — If tlie bearings in the last example be 
taken by a meridian having 6° of east variation, what will be 
their bearings with the true meridian ? 



With the magnetic meridian. 
N. 60” W. 

N. 70° E. 

S. 5° E. 

S. 60* W.' 



With the true meridian. 
N. 44° W. 

N. 76* E. 

S. 1° W. 

S. 66* W. 



I7ie manner of reducing a hearing from one magnetic meridian 
to its hearing voith any other magnetic meridian 
of different variation. 

(53.) 1st. — Suppose the bearing of the objeet P from C is 
taken by a circumferentor whose needle has 10° of west 
variation n's', which bearing is to be reduced to the 
bearing it will form with another magnetic meridian ns, 
having 23° of west variation : Let jN^S represent the true 




meridian, and the bearing of CP therewith (from the man- 
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ner of reducing bearings, &c,, Art. 62) equal to the angle 
PCN 45°, or N 45° W ; also the magnetic meridian to which 
the bearing PC is to be reduced equal to the angle nCX 
23% or liaving 23° of west variation ; the object P and the 
magnetic variation of the meridian to which its bearing is 
to be reduced are both on the xcest side of the true meridian 
NS; therefore PCN 45° — Z. ??CN 23°= Z. PC« 22°; 
and as the angle PCN exceeds the angle «CN, the object P 
from C must bear N 22° W with the magnetic meridian ns. 

2d. — Suppose the bearing of the object O from C is 
taken by an instrument whose needle has 10° of west 
variation n's', which is to be reduced to the bearing it 
will form with another magnetic meridian ns, having 23° of 
west variation; Let the bearing of CO with the true meridian 
bo found equal to the angle OCN 8°, or N 8° W ; and the 
magnetic meridian to which the bearing CO is to be re- 
duced equal to the angle «CN 23°, or having 23° of west 
variation ; the object O and the magnetic variation of the 
meridian to which its bearing is to be reduced are both on 
the west side of the true meridian NS ; therefore z. nCN 
23° — Z OCN 8° = Z OC« 15° ; and as the angle OCN is 
less than the anlge wCN, the bearing of O from C will be N 
15° E with the magnetic meridian ns. 

3d. — Suppose the bearing of the object T from C is 
taken by a magnetic needle having 10° of west variation 
n's', which bearing is to be reduced to the bearing it will 
form with another magnetic meridian ns, having 23° of west , 
variation : Let the bearing of TC with the true meridian 
be found equal to the angle TCN 23°, or N 23° W ; and the 
magnetic meridian to which the bearing TC is to be reduced 
equal to the angle »CN 23°, or having 23" of west variation ; 
then Z TCN 23° — Z «CN 23° = 0° ; therefore the bearing 
of T from C will be in the direction of the magnetic meridian 
ns, or due north. 

4th. — Suppose the bearing of the object Q from C is 
taken by a magnetic needle having 10° of west variation n's', 
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which bearing is to be reduced to the bearing it will form 
with another magnetic meridian, ns, having 23" of west 
variation : Let the bearing QC with the true meridian NS 
be found equal to the angle QCN 15°, or N 15° E ; and the 
magnetic meridian to which the bearing QC is to be reduced 
equal to the angle «CN 23^, or having 23° of west variation ; 
now the object Q and the magnetic variation of the meri- 
dian to which its bearing is to be reduced are on contrary 
sides of the true meridian NS ; therefore Z. QCN 15° -f- /L 
»CN 23° = / QCn 38° ; and also the bearing of Q will be 
on the contrary side of that magnetic meridian ns that its 
variation is on ; and as ns has west variation, therefore the 
bearing of Q from C will be N 38° E with the meridian ?is. 

5th. — Suppose the bearing of the object A from C is 
taken by the meridian nV, having 10'’ of west variation, 
which is to be reduced to the bearing it will form with 
another magnetic meridian ns, having 23° of west variation : 
Let the bearing of CA with the true meridian NS be found 
equal to the angle ACS 45°, or S 45° E ; and the south 
magnetic meridian to which the bearing AC is to be re- 
duced equal to the angle «CS 23°, or having 23° of east 
variation (see theorem 3, Art. 48) ; the bearing of the 
object A and the magnetic variation of the meridian to 
which its bearing is to be reduced are both on the east side 
of the true meridian; therefore Z. ACS 45° — L «CS 23' = 
Z. AC« 22° ; the angle ACS exceeding the angle «CS, the 
bearing of A with the magnetic meridian ns will be S 
22° E. 

6th. — Suppose the bearing of the object B from C is 
taken by a needle nV, having 10° of west variation, which 
is to be reduced to its bearing with another magnetic me- 
ridian ns, having 23° of \^est variation : Let the bearing of 
CB with the true meridian NS be found equal to the angle 
BCS 8°, or S 8® E ; and the south magnetic meridian to 
which the bearing BC is to be reduced equal to the angle 
sCS 23°, or having 23° of east variation (see theorem 3, 

F 3 
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Art. 48) ; the bearing of the object B and the magnetic 
variation of the meridian to which ita bearing is to he 
reduced are both on the east aide of the true meridian ; 
therefore Z. sCS 23°— Z.BCS 8°=Z.BCal5°; and as the 
angle BCS is less than the angle sCS, the bearing of B from 
C will be S 15° W with the magnetic meridian na. 

7th. — Suppose the bearing of the object D from C is 
taken by a needle having 10° of west variation, which 
is to be reduced to its bearing with another magnetic me- 
ridian na, having 23° of west variation ; Let the bearing of 
CD with the true meridian be found equal to the angle 
DCS 15°, orS 15° W ; and also the south magnetic meri(ban 
to which the bearing DC is to be reduced equal to the 
angle «CS 23°, or having 23° of east variation (see theorem 
3, Art. 48) ; and as the bearing of the object D and the 
magnetic variation of the meridian to which its bearing is 
to be reduced are on contrary aides of the true meridian jSTS, 
therefore Z.DCS 15°+sCS 23°= Z. DC* 38° ; and also the 
bearing of D will be on the contrary side of the magnetic 
meridian ns that its variation is on ; and as the south me- 
ridian ns has east variation, therefore the bearing of D from 
C will be S 38" W. 

8th. — Suppose the bearing of the object 11 from C is 
taken by the meridian n's', having 10° of west variation» 
which is to be reduced to the bearing it will form with 
another magnetic meridian ns, having 23° of west variation ; 
Let the bearing RC with the true meridian be found equal 
to the angle BCN 77°, or N 77° E ; and the magnetic 
meridian to which the bearing KC is to be reduced equal 
to the angle «CN 23°, or having 23’ of west variation ; the 
bearing of the object R and the magnetic variation of the 
meridian to which it is to be reduced are on contrary sides 
of the true meridian NS ; therefore Z. RCN 77° + L «CN 
23° = Z RCn 100° ; but as the angle that the object R 
makes with the north magnetic meridian ns exceeds 90°, its 
bearing in that case must bo with the south or contrary 
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meridian; then 180° — 100° = 80"' / EC#; consequently 
the bearing of the object E with the magnetic meridian ns 
wiU be S 80" E. 



Note , — From the several cases of Art. 53, the student will have no dif- 
ficulty in solving the following examples, with respect to two different 
magnetic variations. 

Example I. — If the following bearings are taken by a 
meridian having 10° of west variation, — N 50° W, N 70° E, 
S 5° E, and S 80° E ; what will be the bearing of each with 
a meridian having 23° of west variation ? 



WM a meridian of 10° of 
variation. 

N. 50° W. 

N. 70° E. 

8. 5° E. 

S. 80° E, 



With a meridian of 23° of 
variation. - 
N. 37° IV. 

N. 83° E. 

8. 8° W. 

8, 67° E. 



Example II. — If the following bearings are taken by 
a meridian having 10° of east variation, — S 60° W, S 10 E, 
N 80° E, and N 10° "W ; what will be the bearing of each 
with a meridian having 20° of west variation ? 



With a meridian of 10° of eaet 
variation. 

8. 60° W. 

8. 10° E. 

N. 80° E. 

N. 10° W. 



With a meridian of 20° of west 
variation. 

Due west. 

S. 20° W. 

8. 70° E. 

N. 20° E. 



Example III. — The following bearings are taken by a 
meridian having 20° of west variation, — S 60° W, N 5° ~W, 
N 30° W, and N 50° E ; what bearing will each form with 
a meridian having 10° of east variation ? 



With a meridian of 20° of west 
variation, 

8. 60° W. 

N. 6°W. 

N. 30° W. 

N. 60° E. 



TFi'iA Cl meridian o/10° of east 
variation. 

S. 30° \V. 

N. 35° W. 

N. 60° W. 

N. 20° E. 
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Example IV. — If the following bearings are taken by 
the true meridian, — S 60° W, N 5° W, N 30° W, and 
N 50 E; what bearing will each form with a meridian 



having 23° of west variation ? 

With the true meridian. 

S. 60° W. 

N. 5° W. 

N. 30° W. 

N. 60° E. 



irtV/i a meridian, of 23° of ice.i! 
variation. 

S. 83° W. 

N. 18° E. 

N. 7°W. 

N. 73° E. 



Example V.— I have to plot a survey on the surface of 
the following bearings and distances, — N 25° W 5 chains, 
N 63° AV 10 chains, N 20° E 3 chains, N 70° E 6 chains, 
and S 84° E 9 chains, which has been taken by a circum- 
ferentor having 20° of west variation; now 1 find the 
circumferentor by which I have to plot the same has 23° 
of west variation, I demand to know the bearings under 
which the survey must be plotted, so that the same may 
be accurately done ? 



With a meridian of 20° of went 
variation. 



Chains. 

N. 25° W. . .6 

N. 63° W. . . 10 

N. 20° E. . .3 

N. 70° E. . . 6 

S. 84° E. . . 9 



The bearings under which the sur- 
vey mtist be plotted to be accu- 
rately done, by a needle having 
23° of west variation. 

Chains. 

N, 22° W. . .6 

N. 60° W. . . 10 

N. 23° E. . .3 

N. 73° E. . . 6 

S. 81° E. . .9 



Example VI. — In a subterraneous survey of the fol- 
lowing hearings and distances, viz. N 20° W 10 chains, 
N 60° W 3 chains, S 12° W 6 chains, N 87° "W 4 chains, 
and S 15° E 7 chains, surveyed by an instrument having 
22° of west variation, which is to be plotted on a plan 
whose meridian has 12° of west variation, I wish to know 
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under what bearing each must be plotted on the plan, so 
that it may be accurately done ? 



The hearings hy a meridian hav- 
ing 22° of west variation. 

Chains. 

N. 20° W. . . 10 • 

N. 60° W. . .3 

S. 12° W. . . 5 

N. 87° W. . .4 

S. 15° E. . . 7 



The hearings with the plan's me- 
ridian having 12° of west va- 
riation. 

Chains. 

N. 30° W. . .10 

N. 70° W. . . 3 

S. 2° W. . .5 

S. 83° W. . . 4 

S. 25° E. . .7 



To find ivhat kind of a meridian a plan has been 
constructed by. 

(54.) Where subterraneous excavations are to be added 
to some previously delineated on a plan, it will be neces- 
sary, first of all, to find wKat kind of meridian the plan 
has been constructed by, in order that the bearings to be 
plotted may previously be reduced thereto (see theorem 4, 
Art. 48). 

1. Suppose N'S' to be the meri- 
dian of a plan whose magnetic varia- 
tion is required to be known ; let the - 
bearing of the pit B from the pit A 
be taken on the plan with the meri- 
dian thereon, equal to the angle 
BAW'40°, or N 40° W; and let the 
bearing of the same two pits be 
taken on the surface by a circum- 
ferentor placed at A, whose needle 
is known to have 23° of west varia- 
tion ns, and found to form an angle 
BA« = 27'*, or N 27° W ; then, if 
N'S' represent the true meridian, 
the line AB will form an angle therewith of 27° + 23° 
= 50° BAN, or N 50° W; From A BAN 50 /. 
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~RA N' 40°, leaves Z. = 10°, which is the angle 

that the plan’s meridian makes with the true meridian; 
and as the angle BAiV", which is the bearing of the 
object wdth the plan’s meridian, is to the left thereof, and 
less than the Z. BAX, which is the bearing of the same 
object, as taken by the circumferentor on the surface, with 
the true meridian, and to the left thereof also, it follows 
that Z. iV'AX, the variation of the plan’s meridian, must 
be to the left of the true meridian ; therefore S'N' must have 
10° of west variation. 

2. Suppose N'S' to be the meridian of a plan whose 
magnetic variation is required to be known ; let the bearing 
of the pit B from A be taken on the plan with the meridian 
thereon, equal to the angle BAi\T' 60°, or X 60° W ; and 
let the bearing of the same two pits be taken on the surface 
by a circumferentor placed at A, whose needle is known 
to have 23’ of west variation ns, and found to form an 
angle BA« = 27°, or X 27° W ; then if 
NS represent the true meridian, the 
line AB will form an angle therewith 
of 27° + 23° = 50° BAN, or N 60° 
W: Then from Z. BAA^' 60° — Z. 
BAN 50°, leaves Z. iV'AN s= 10°, the 
variation of the plan’s meridian; but 
as the Z. BAA^', which the bearing of 
the object makes to the left with the 
plan’s meridian, is greater than the Z 
BAN, which is the angle that the same 
object, as taken by the circumferentor 
on the surface, makes to the left with 
the true meridian, the Z A7''AN must be 
to the right of the true meridian ; there- 
fore /S'AT'must have 10° of west variation, 
to be the meridian of a plan whose 
magnetic variation is required to be known ; let the bearing 
of the pit B from the pit A be taken on the plan with the 




3. Suppose N'S' 
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meridian tliereou, equal to the angle BAiV' 5^ or N 5’ E ; 
and let the bearing of the same two pits be taken on the 
surface by a circumferentor placed at A, whose needle 
has 23° of west variation ns, be 
found to form an angle BA« = fis. 69 
18“, or N 18° E ; then if 2^8 
represent the true meridian, the 
line AB will form an angle there- 
with of 23° - 18° = 5° Z BAN, 
or N 5° W : Then Z BAN' 5° + 

Z BAN 5° = Z N'AN 10°, the 
variation of the plan’s meridian ; 3 .,, 
and as AB bears on different sides 
of the two meridians 2^ S' and 
NS, and Z BAN being to the 
left of the true meridian NS, Z 
NAN' must be to the leftiheveoi 
also ; consequently the plan’s me- 
ridian N'S' must have 10° of west 
variation. 

4. Suppose N'S' (see last fig.), is the meridian of a plan 
whose magnetic variation is required to be known ; let the 
bearing of the pit B' from the pit A be taken on the plan 
with its meridian, equal to the angle N'AB' 83°, or 
N 83° W ; and let the bearing of the same tw j pits be 
taken on the surface by a circiunferentor placed at A, 
whose needle has 23° of west variation ns, be found to 
form an angle «AB' = 70°, or N 70° W ; then if NS repre- 
sent the true meridian, the line AB' will form an angle 
therewith of 87° Z B'AS S 87° W (see Art. 52) : Now 
Z N'AB' 83° + Z B'AS 87° = z N'AS 170°, then 180° 
— 170° = 10° Z NAN', the variation of the plan’s meri- 
dian ; and as Z NAN' 10° is what Z SAN' falls short of 
180°, reckoning from the south meridian S, therefore it must 
be to the Irft or west of the north meridian N ; consequently 
the plan’s meridian N'S' must have 10° of west variation. 
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5. Suppose N'S' to be the meridian of a plan whose 
magnetic variation is required ; let the bearing of the pit B 
from the pit A be taken on the plan with its meridian 

thereon, equal to the angle 
45°, or N 45° W ; and' let the 
bearing of the same two objects, 
taken on the surface by an instru- 
ment placed at A, whose needle 
has 23° of west variation ns, be 
found to be equal to the same 
angle ??AB 45°, or N 45° W, as 
before ; then if NS represent the 
true meridian,' the line AB will 
form an angle therewith of 45° -h 
23° = 68° L NAB, or N 68° W: 
Then Z. NAB 68° - Z A^AB 
45° = A NAA' 23°, the varia- 
tion of the plan’s meridian ; but 
as Z. iV'AB is to the left of the 
plan’s meridian, and is less than 
Z NAB, the L N A A'”' must be 
the left of the true meridian SN ; therefore the plan’s 
meridian, will have 23° of west variation. — When the 
bearing of two objects, taken on a plan by its delineated 
meridian, agrees with the bearing of the same two objects 
taken on the surface by an instrument, the variation of the 
plan’s meridian will be the same as the magnetic variation 
of the needle of that instrument. 

6. Suppose N'S' to be the meridian of a plan whose 
magnetic variation is required to be known ; let the bearing 
of the pit B from that of A be taken on the plan by its 
meridian thereon, equal to the angle NAB 68°, or N 68° W : 
and let the bearing of the same two objects be taken by an 
instrument on the surface placed at A, whose needle has 
28° of west variation ns, equal to the angle «AB 45°, or 
N 45° W ; then the object will form an angle with the true 
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meridian of 45° + 23° = 68°, or N 68° W: Now, as the 
bearing of the two objects on the plan with its mbridian, 
agrees with the bearing of the same two objects taken on 
the surface when reduced to the true meridian, therefore 
the plan’s meridian must be the true meridian. 

From the several cases in the last Article, where six 
examples are solved, the method of solving the following 
unsolved examples will be readily seen. 

Example I. — I wish to know the variation of a plan’s 
♦ meridian, when the bearing of two o^'ects thereon with its 
meridian is N 30° W, and the bearing of the same two 
objects with each other on the surface is found, by an 
instrument whose needle has 20° of west variation, to be 
N 19° W ? 

The objects on the surface will form a bearing with each 
other of N 89° W by the true meridian. 

Then 39° — 30° = 9° ; therefore the plan’s meridian has 
9° of west variation. 

Example II. — I w'ish to know the variation of a plan’s 
meridian, when the bearing of two objects thereon with 
its meridian is N 16° E, and the bearing of the same two 
objects with each other on the surface is found, by an 
instrument whose needle has 23° of west variation, to be 
N 10° E ? 

The objects on the surface will form a bearing with each 
other of N 13° W by the true meridian. 

The 16° + 13° = 29° ; therefore the plan’s meridian has 
29° of west variation. 

Example III. — I have a plan which I wish to know by 
what kind of meridian it has been delineated : Now the 
bearing of two objects thereon with each other by its meri- 
dian is found to be N 80° W, and the bearing of the same 
two objects, taken on the surface by an instrument whose 
needle has 21° of west variation, is N 74° W ? 

The bearing of the two objects on the surface with the 
true meridian will be S 86° W. 
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Then 180"^ — 80“ + ^5° 15“ ; therefore the plan has 

been delineated by a meridian having 15“ of west variation. 

Example IV. — I wish to know the variation of a plan’s 
meridian, when the bearing of two objeets taken thereon 
by its meridian is found to be N 40“ E, and the bearing of 
the same two* objects, taken on the surface by an instru- 
ment whose needle has 20“ of west variation, is also 
N 40 E ? 

Then the meridian of the plan will have the same 
magnetic variation as the needle by which the bearing of* 
the objects was taken on the surface ; therefore the plan’s 
meridian will have 20“ of west variation. 

Example V. — I wish to know by what kind of meridian 
a plan has been constructed, when two objects thereon by 
its meridian form a bearing with each other of N 32“ W, 
and the bearing of the same two objects, as taken on the 
surface by an instrument whose needle has 22“ of west 
variation, forms a bearing with each other of N 10“ W ? 

The two objects on the surface will form a bearing with 
each other of If 32“ W by the true meridian. 

Then the meridian of the plan will be the true meridian. 

Example VI. — I wish to know' the variation of a plan’s 
meridian, when th6 bearing of two objects thereon with 
its meridian is S 16“ W, and the bearing of the same two 
objects with each other on the surface, taken by an instru- 
ment whose needle has 23° of west variation, is found to 
be S 10“ W ? 

The plan’s meridian will- have 29“ of west variation. 

Example VII. — I wish to know the variation of a plan’s 
meridian, when the bearing of two objects thereon with its 
meridian is S 40° W, and the bearing of the same two objects 
with each other on the surface, taken by an instrument whose 
needle has 20“ of west variation, is found to be S 23“ W ? 

The plan’s meridian will have 6“ of east variation. 

Example VIII. — I wish to know the variation of a 
plan’s meridian, when t*he bearing of two objects thereon 
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with its meridian is N 65° ~W, and the bearing of the same 
two objects with each other on the surface, taken by an 
instrument whose needle has 23° of west variation is found 
to be N 20° W? 

The plan’s meridian will have 22° of east variation. 

ExAiiPLE IX. — I have a plan of a colliery workings, on 
which I took the bearing of two pits with each other by 
its meridian, which was X 5° W ; I also took the bearing 
of the same two pits on the surface by an instrument whose 
needle had 23° of west variation, which was X 5° E ; now 
I wish to know the variation of the plan’s meridian by 
which it has been delineated ? 

The plan’s meridian will have 13° of west variation. 

Example X. — I wish to know by what kind of meridian 
a plan of a colliery working has been constructed, when 
the bearing of two pits thereon with each other by its 
delineated meridian is found to be X 5° E, and the bearing 
of the same two pits on the surface with the true meridian 
is found to be X 14° W ? 

The plan has been constructed by a meridian having 19° 
of west variation. 



IIow to plan surveys, and also the manner of determining an 
error arising in plotting, through inattention to the magnetic 
variation of the needle. 

(55.) It has been shown, in Art. 49, that the magnetic 
meridian is always changing ; therefore the bearings of the 
same objects, taken by such a meridian at jdiifereut times, 
must also vary from each other, except reduced to bearings 
with the true meridian. 

Let XS represent the meridian of a plan, which is also 
supposed to be the true meridian ; and if a subterraneous 
excavation is to be plotted thereon from the pit A, which 
excavation is found to form a bearing of X 10° W 10 chains 
by an instrument whose needle had 20° of west variation ; 
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now if the excavation N 10° W 10 chains is plotted on the 
plan by its meridian NS, which is the true meridian, it will 
be represented by AB ; but the bearing 
being taken by a needle having 20° of 
west variation, therefore (according to 
the manner of reducing bearings from 
one magnetic meridian to their bearings 
with any other. Art. 53) it should form 
a bearing of N 30° ~W with the meridian 
NS, as represented by Ab ; then Ab will 
be the true direction of the excavation 
from the pit A, and 5B will be the magni- 
tude of the error (see theorem 8, Art. 48): 

I Or, instead of reducing the excavation to 
s its bearing with the true meridian NS, 
it will be equally as true if ns is drawn 
on the plan, and made to represent the magnetic meridian 
of the needle by which the bearing was taken, with which 
Ab will form a bearing of N 10° W. 



\ 



I shall insert a few examples, illustrative of the error 
arising from plotting a subterranous survey on a plan 
without attending to the variation of the magnetic meri- 
dian, and also how its magnitude can be ascertained. 

Example I. — The following is a subterraneous survey, 
commencing at a pit called the B pit, N SO'’ W 6 chains, 
N 70° E 10 chains, N 30" E 5 chains, and N 25° W 
8 chains, which was surveyed by an instrument whose 
needle had 24° of west variation ; under what bearings must 
the survey be plotted on a plan whose delineated meridian 
has 15° of west variation ? 

Reduce the bearings, as taken by a meridian having 24" 
of west variation ; to bearings with a meridian having 15° of 
west variation : Thus, — 
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Bearings with a meridian of 2^“ 
of west variation. 

Chains. 

K. 30° W. • . . 6 

N. 70° E. . .10 

N. 30° E. . . 5 

N. 25° W. . . 8 



Bearings with a meridian of 15° 
of west variation. 

Cbaios. 

N. 39° W. . . 6 

N. 61° E. . .10 

N. 21° E. . . 5 

N. 34° W. . .8 



Tlie survey must be plotted under bearings with a 
magnetic meridian having 15° of west variation, as above, 
commencing at the B pit. 

Example II. — If the following subterraneous survey, 
Js' 9° .W 8 chains, N. 30° E 7 chains, and N” 21° W 8 chains, 
is made by an instrument whose needle has 23° of west 
variation, and plotted on a plan by a meridian having 5° 
of west magnetic variation, without ric. 
being reduced thereto, — what will 
be the magnitude of the error re- 
sulting by such neglect ? 

Suppose A, the point of com- 
mencement of the survey on the 
plan, and let the meridian of the 
plan here presented be IP" S'", hav- 
ing 5° of west variation with the true 
meridian NS ; then the first bear- 
ing, N 9° "W 8 cliains, ■^ill be re- 
presented by AB, — the second, 

N 30° E 7 chains, by BC, — and the 
third bearing, N 21° W 8 chains, 
by CD ; then ABCD will represent 
the survey plotted without attend- 
ing to the magnetic variation : But 
as the survey was made by an in- 
strument whose needle had 23° of 
west variation, therefore each bear- 
ing, when truly plotted, must be set 
off from a meridian of that variation, which let ns represent ; 
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then N 9° W 8 chains will be represented by Kb, N 30“ E 
7 chains by be, and N 21° W 8 chains by cd ; then Kbcd 
will represent the survey truly plotted, and will be the 
magnitude of the error. 

Or the survey may be plotted by reducing the bearings, 
as taken by a meridian of 23° of west variation, to bearings, 
with a meridian of 5° of variation, as represented by 
and plotted from it accordingly, — which will exactly 
coincide with Kbcd, as before. 

To discover, by calculation, the magnitude of the error^ 
reduce the bearings of the survey, as taken by a magnetic 
meridian having 23° of west variation, to bearings with the 
true meridian, — and also the same bearings, as if taken by 
a meridian having 6° of west variation, to bearings with the 
true meridian ; then determine the northing and easting of 
D from d : Thus, — 



With d meridian 
of 23" of west 
variation. 


With the true 
meridian. 


With a meridian 
of 6“ of west 
variation. 


With the true 
raoridiau. 


Chns. 

N. 9° W. ^ 
N. 30° E. 7 
N. 21° W. 8 


Chns. 

N. 32° W. 8 
N. 7°E. 7 
N. 44° W. 8 


Chns. 

N. 9° W. 8 
N. 30° E. 7 
N. 21° W. 8 


Chns. 

N. 14° W. 8 
N. 25° E. 7 
N. 26° W. 8 

• 





Northing. 


Southing. 


Easting. 


Westing. 




Chns. 


Chains. 


Chains. 


Chains. 


Chains. 




N. 32° W. 8 


6-78 


• • • 




4-23 




N. 7° E. 7 


6-94 


• • • 


0-85 


• •• 




N. 44° W. 8 


5-75 


^ • ■ 




6-55 






19-47 


Aa 




9-78 












0-85 








- 




8-93 


ad 
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Northing. 


Soutliing. 


Easting. 


Westing. 




Chns. 


Chains. 


Chains. 


Chains. 


Chains. 




N. 14° W. 8 


7*76 




... 


1-93 




N. 2.5° E, 7 


6-34 


... 


2-95 






N. 26° W. 8 


719 


... 


... 


3 -'50 






21-29 


Ae 




5-43 












2'95 












2-43 


cD or rt/ 



ad 8'93 cLains — «/ 2 ’48 chains = fd 6’45 chains. 

Ae 21 '29 chains — Art 19 ’4 7 chains = ae or/D 1'82 chains. 

Then, as /d 6-45 . . . -8095595 

Is to radius . . . . 10-0000000 

So is /D 1-82. . . -2600714 

To tang. Z d 15° 45' . ." 9-4505117 

♦ -- 

From 90° — 15° 45' = 74° 15', Z adD. 

~ 3 2 

And V 6'45 + 1-82 — 6'7 f®, or 6-70 chains. 

Therefore the magnitude of the error, or th% bearing and 
distance of D from d, will (from Art. 3) be N 74° 15' E 
6‘70 chains with the true meridian. 

Example III. — If the following subterraneous survey 
S 30° "W 4 chains, N 50° TV 8 chains, N 50° E 9 chains, 
and N 53° W 8 chains, is surveyed by an instrument having 
23° of west variation, and plotted on a plan by the true 
meridian, without being reduced thereto, — what wiU be 
magnitude of the error thereby ? 

Suppose A to be the point of commencement on the 
plan, and NS the true meridian thereon ; then ABODE 
will be the erroneous representation of the bearings and 
distances, as plotted from that meridian, — AB forming an 
angle of 30° therewith, BC an angle of 50° therewith, 
CD an angle of 50° therewith, and DF an angle of 53° 
therewith. 
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To plot the survey accurately, draw on the plan a meri- 



Fia 




dian line ns, having 23" of west 
variation ; each bearing and dis- 
tance being then plotted from it, 
and Aici^will represent the sur- 
vey accurately done, and/T will 
be the magnitude of the error: 
Or,, otherwise, if each bearing in 
the survey is reduced from the 
angle it formed with the mag- 
netic meridian it was taken by, 
to the angle of bearing it will 
form with the plan’s meridian, 
which is the true meridian, and 
plotted accordingly, the result 
will be the same : Thus, — 



With a meridian having 23® of 
. toest variation. 

Chains. 

S. 30° W. . . 4 
N. 50° W. . 8 
N. 50° E. . . 9 
N. 63° W. . 8 

Then Ab will represent S 7° W 4 chains, be N 73° W 
8 chains, cd N 27° E 9 chains, and N 76° W 8 chains, 
the same as before. 



With the true meridian. 

Chains. 

S. 7°W. . . 4 
N. 73° W. . 8 
N. 27° E. . . 9 
N. 76° W. . 8 
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Northing. 


Southing. 


Easting. 


Westing. 




Chns. 


Chains. 


Chains. 


Chains. 


Chains. 




S. 30“ W. 4 


• > > 


3-46 




2-00 




N. 60° W. 8 


6-14 


... 




6-13 




N. 60“ E. 9 


5-79 


... 


6-89 






N. 53“ W. 8 


4-81 






6-39 






16-74 






14-5-2 






3-46 






6-89 






12-28 


Ah 




7-63 


AF or ah 





Northing. 


Southing. 


Easting. 


Westing. 




Chns. 


Chains. 


Chains. 


Chains. 


Chains. 




S. 7° W. 4 


... 


3-97 


• •• 


0-48 




N. 73“ W. 8 


2-33 


... 




7-65 




N. 27“ E. 9 


8-01 


• •• 


4-08 


... 




N. 76“ W. 8 


1-93 




... 


7-76 






12-27 






16-89 






3-97 






4-08 






8-30 


Aa 




11-81 


«/ 






From a/ 11-81 — ah 7'63 = i/4-18. 

Lh 12-28 — Aa 8-30 = oA or iF 3'98. 



Then, as i/ 4 -18 .... -6211763 

Is to radius . . . . 10*0000000 

So is iF 3-98 . . . 6998831 

To tang. Z / 43“ 35’ . . 9-9787068 



From 90“ — 43“ 36' = 46“ 25' Z «/F. 



And V4-18 + 3-98 = 5*77 /F chains. 



Therefore the bearing of F fromy with the true meri- 
dian will be N 46° 25' E, and the distance will be 5-77 
chains ; which is the magnitude of the error. 

Example IV. — If the following subterraneous survey, 

0 
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commencing at the pit A, S 30° W 4 chains, S 70° W 
10 chains, and S 50° E 6 chains, was surveyed by an instru- 




ment whose needle had 
23° of west variation, 
and is plotted on a plan 
hy a meridian having 
only 10° of variation to 
the west, without reduc- 
ing the bearings there- 
to what will be magni- 
tude of the error ? 

If NS represent the 
true meridian , — ns the 
meridian, having 23° of 
west variation, by which 
the survey wm taken, — 
and M'S' the meridian 
of the plan, having 10° 
of variation, by which 
«. the survey is to be plot- 
ted ; the ABCD will be 



the erroneous representation of the survey, as plotted by 
the meridian N'S' without reducing the bearings thereto. 
To plot the same truly. 



With a meridian of 23° of icest • 
variation. 

Chains. 

S. 30° W. . .4 

S. 70“ W. . .10 
S. 50° E. . .5 



With a meridian o/10° of west 
variation. 

Chains. 

S. 17° W. . .4 

S. 57° W. . . 10 
S. 63“ E. . .5 



Now make A5 form an angle to the west with the meri- 
dian of 17°, Ic an angle to the west of 57°, and cd an 
angle to the east of 63° ; then Khed will represent the 
survey truly plotted, and the distance between D and d 
will be the magnitude of the error. 
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TO FIBD THE UAGHITCDE OF THE EBKOR. 



With a meridian 
of 2S° of west 
■variation. 


With the true 
meridian. 


With a meridian 
of 10° of west 
variation. 


With the true 
meridian. 




Chns. 

S. 7° W. 4 
8. 47° W. 10 
S. 73° a. 5 


Chns. 

S. 30° W. 4 
S. 70° W. 10 
S. 60° E. 5 


Chns. 

S. 20° W. 4 
S. 60° W. 10 
S. 60° E. 5 





Northing. 


Southing. 


Easting. 


Westing. 


! 


Chns. 


Chains. 


Chains. 


Chains. 


Chains. 


I 


S. 7° W. 4 


• •• 


3-79 


». • 


0-49 


1 


S. 47° W. 10 


... 


6-82 


• • . 


7-31 


1 


S. 73° E. 5 


... 


1-46 


4-78 


... 








12-25 


ka 


7-80 












4-78 












3-02 


ad 





Northing. 


Southing. 


Easting. 


Westing. 




Chns. 


Chains. 


Chains. 


Chains. 


Chains. 




S. 20° W. 4 


• • • 


3-75 


»• » 


1-37 




S. 60° ^.10 


. • • 


5-00 


... 


8-66 




S. 60° B. 5 




2-60 


4-33 


... 




• 




11-26 


Ae 


10-03 












4-33 












5-70 


eD 



Then ka 12‘25 — Ae 11-25 = ae orfd 1. 

And eD 5-70 — ad 3 -02 = /D 2-68. 

As /D 2-68 .... -4281348 

Is to radius . . . . 10 ’0000000 

So is /d 1 

To tang. Z. D. 20° 27' . . 9’5718662 

From 90° — 20° 27' = 69° 33', Z. fdD. 



And V 2-68 + 1 = 2’86 = Dd. 

a 2 
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Tlierefore the bearing of D from d with the true meridian 
will be N 69° 33' W, and the distance will be 2'86 chains ; 
which is the magnitude of the error. 

Example V. — The following subterraneous survey, — 
S 20° "W 5 chains, S 70° W 10 chains, N 50° W 5 chains, 
and N 3° W 8 chains, was taken by an instrument having 
23° of west variation, which I have to plot on a plan, the 
magnetic variation of the meridian by which it has been 
constructed is unknown ; I therefore wish to know how the 
survey must be plotted, so that it may be accurately done? 

In order to find by what kind of meridian the plan has 
been constructed, I took the bearing of two pits thereon 
by the delineated meridian, which I found to bear with 
each other JS" 25° W, — and the same two pits on the sur- 
face I found to bear N 22° W by an instrument whose 
needle had 23° of west variation ; therefore the plan’s 
meridian will have 20° of west variation, and the bearings 
of the survey must be reduced from a meridian of 23° of 
west variation to bearings with a meridian of 20° of the 
same variation, and plotted on the plan accordingly ; 
Thus, — 



Bearings with a vieridian of 23° 
of west variation. 

Chains. 

S. 20° W. . .6 

S. 70° W. . . 10 

N. 50° W. . .6 

N. 3°W. . . 8 



Bearings with the plan' s meridian 
of 20° of west variation. 

Chains. 

S. 17° W. . . 5 

S. 67° W. . . 10 
N. 63° W. . .5 

N. 6° W. ... 8 



flow to run hearings on the surface hy a circumferentor, 
without error. 

(56.) It frequently happens that the practical miner has 
to re-traverse on the surface the surrey of a subterraneous 
excavation from bearings taken at some former time : Now, 
when that is the case, if the miner does it without attending 
to the change that has taken place with the magnetic 
meridian, between the taking of the survey and the re- 
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traversing it, an error must inevitably be the result ; but 
where surveys are recorded without mentioning by what 
kind of meridian they were originally made, such surveys 
cannot be re-traversed with any degree of accuracy. 

Suppose the bearing of a subterraneous excavation AB, 
is found to be N 20° W, which is taken .by the needle 
of an instrument placed at the pit A, whose magnetic 
meridian is represented by NS; now, if the 
bearing of this excavation is nin off on the 
surface from the pit A, immediately after it 
has been surveyed under-ground, and by the 
same instrument also, the excavation AB 
will be truly represented on the surface (see 
theorem 6, Art. 48) ; but if it should be ne- 
cessary, at any future time, to have the same 
excavation represented on the surface by the 
same survey already made, and in that in- 
terval of time between the survey being made 
and its second plotting on the surface, the 
magnetic meridian NS has changed its situa- 
tion to ns, the same excavation, N 20° W, 
run off from the then magnetic meridian ns, will be 
represented by Kb, which will be erroneous : Therefore, to 
do the work truly, the bearing of AB, as originally taken 
by the meridian NS, must be reduced to its bearing with 
the meridian ns, and plotted on the surface from it accord- 
ingly (see theorem 7, Art. 48). 

I shall insert a few examples relative to plotting bearings 
on the surface by different meridians. 

Example I. — The subterraneous excavation commencing 
at the pit A, N 20° W 5 chains AB, N 20° E 8 chains BC, 
N 70° E 5 chains CD, and S 70° E 6 chains DE, was 
surveyed by an instrument whose needle had 10° of west 
variation ns, and is to be plotted on the surface by another 
instrument whose needle has a different magnetic variation ; 
how must it be plotted with accuracy ? 



FlC "ja 

N 
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Pirat, find the tna^etic variation of the needle of the 
instrument by which the survey is to be plotted (see 
Art. 51), which suppose it to have 23° of west variation 
N S ; then reduce the hearings, as taken by a meridian of 
10° of west variation ns, to bearings with a meridian of 23° 
of west variation N S. 

Example II. — If the following survey of a subterraneous 
excavation, commencing at the pit A (see Fig. to Ex. IV. 
Art. 56), S 30° W 4 chains, S 70° W 10 chains, and S 50° 
E 5 chains, was surveyed by an instrument which had 10° of 
west variation ; what will be the magnitude of the error, if 
the survey is plotted on the surface by another instrument 
having 23° of west variation ? 

Let N'S' represent the magnetic meridian of the needle 
of the instrument by which the survey was made, having 
10° of west variation, and let ABCD represent the survey 
as plotted on the surface thereby, — also let ns represent the 
meridian of the instrument whose needle has 23° of west 
variation, and Alcd the excavation as plotted according to 
that meridian ; then ABCD will be the survey plotted 
truly, and Aicd the same plotted erroneously : Therefore, 
fi:om the manner of determining the magnitude of an error, 
arising from plotting a sun ey by a difierent meridian than 
that by which it was made (Art. 55), the error will be 
2’86 chains, — which is the distance of d from D. 

Example III. — I have the survey of a subterraneous 
excavation, commencing at a pit called the A pit ; the 
bearings are recorded to be taken by the true meridian, 
viz., N 30° W 5 chains, due north 8 chains, N 80° E 5 
chains, N 46^° W 10 chains, and N 23^° W 4 chains ; how 
is the survey to be truly delineated by an instrument on the 
surface, so that a pit may be sunk on the extreme point of 
the last bearing ? 

The first thing to be done, the surveyor must ascertain 
the magnetic variation of the needle of the instrument by 
which he intends delineating the survey (see Art. 49) 
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whicli suppose to be 23° 3(X to the west, and reduce the 
bearings of the survey thereto : Thus, — 



Btaringt v>ith the true meridian. 

Chains, 

N. 30° W. . .5 

N 8 

N. 80° E. . .6 

N. 45f W. . . 10 

N. 23i°W. . . 4 



Bearings with a meridian of 25° 
ZO' of west variation. 

Chaias. 

N. 6i°W. . . 5 

N. 231° E. , . 8 

N. 761° E. . .5 

N. 22° W. . . 10 



Then fix the instrument at the A pit, and run ofi* the first 
bearing and distance N 6^° W 5 chains, and the other 
following ones in regular order, and the end of the last N 4 
chains, will be the place on the surface where the pit must 
be sunk, to hit the extreme point of the excavation. 



To find the. antiquity of a plan hy its delineated meridian. 

(57.) As the magnetic meridian has, for a great number 
of years past, been veering about to the west, hence plans 
constructed at diflferent times must have their magnetic 
meridians of different variation ; those that are of the most 
ancient construction will have their meridians more easterly 
than those of a more modern date. Should a plan be found 
to have been constructed by a meridian having 11° 15' of 
east variation, it will be reasonable to suppose it has been 
made about the year 1576; for at that time the magnetic 
meridian had 11° 15' of east variation (see Table, Art. 49) : 
Or, if its meridian is found to have 20° of west variation, 
from the same principle it may be supposed to have been 
made about the year 1765. 

Example I. — If a plan is found to have a magnetic 
meridian of 18°, of west variation, in what year has it been 
constructed ? 

By looking in the table. Art. 49, it will appear to have 
been made about the year 1750. 



Digitized by Google 




128 MANNEB OF HECOBDING SBBTEEBANEOUS StTBVETS. 

Example II.— I have a plan on •which is a delineated 
meridian; I therefore wish to know in what year it has 
been made ? 

First find the magnetic variation of the meridian on the 
plan according to the rules for finding the same, Art. 54, 
which suppose to be 6° of east variation; then, by the 
table, Art. 49, it will appear to have been made about the 
year 1622. 

The manner of recording sulterraneous surveys. 

(58.) As the necessity of recording surveys of subterra- 
neous workings frequently occurs, I shall therefore show 
how the same ought to be recorded, so that they may answer 
the intended design : Thus, — 

A recorded survey of a subterraneous excavation, taken 
J une 10th, 1800, beginning at the centre of the A pit, in 
Blackburn colliery. 

Each bearing being reduced to the true meridian. 



N. 


10” W. . 




Chains. 
. 6-60 


N. 


20” E. 


, , 


. . 4-20 


N. 


75” E. . 


. • 


. 10-10 


E. 


• . . 


. 


. . 4-40 


S. 


71” E. . 


. , 


. 6-30 


N. 


o 

o 


* 


. . 6-90 



A recorded survey of a subterraneous working, taken 
November 21st, 1801, beginning at the centre of the 
Venture Pit, in Tanfield colliery. 

Each bearing was taken by a needle having 23° of west variation, 
and recorded accordingly. 

Chains. 

S. 60“ W 6-24 

S. 30” W 2-20 

S. 86” W 6-70 

N. 40” W. . ' . . . . 12-60 

Now, either of these recorded surveys may be truly 
re-traversed on the surface of the earth, at any future time 
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with accuracy, by an instrument whose magnetic needle 
may have any known variation whatever, by referring to 
Art. 56. 



The nature and use of the Traverse Tables. 

(59.) Thus, if it is required to know the northing and 
easting of N 18° E 56 links, — look in the tables under the 
dfegree answering to the bearing, and to the right, opposite 
56 in the column of bearing lengths, will be found 53 links 
and 26 hundred parts of a link of northing, and 17 links 
and 30 hundred parts of a link of easting. As the bearing 
length is links, the northing and easting must be links and 
' parts of a link ; for in whatever denomination the bearing 
length is, in the same denomination must the integral part 
of the northing or southing .and easting or westing be. 

Also, if it is required to know the northing and easting 
of N 18° E 5 65 chains, — look in the table under the degree 
answering to the bearing, and opposite 5 chains in the 
bearing lengths will be foun|[ 4' 76 chains of northing and 
1*55 chains of easting ; then, for the remaining 65 links, 
look opposite 65 in the same column of bearing lengths, 
and there will be found 61‘82 links of northing, and 20-09 
links of easting, — which, added to the former northing and 
easting, will make 5-3782, or nearly 5-38 chains of northing, 
for the whole northing, — and 1-7509 chains, or 1-75 chains 
nearly, for the whole easting. 

Suppose, again, the southing and w-esting of S 86° 
W 98-20 chains is required, — look in the tables under the 
degree of the bearing, and the southing and westing will be 
thus : — 

Chains. Chains. Chains. 

For 68-00 there is 6-84 of southing and 97-76 of westing. 

For 00-20 0- 1-40 of ditto 0-19-96 of ditto. 

98-20 6-85-40 of southing and 97-95-95 of westing. 

or, 6-86f of southing and 97-96 of westing nearly. 
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If the southing and easting of S E 20 chains is 
required, — take the southing and easting of the bearing 
length under 18°, and also under 19°, in manner before 
shewn, and half their sum will be the southing and easting 
required ; thus : — 

Chains. Chains. Chains. 

S. 18“ E. 20 will have 19 ‘02 of soutliing 6 '18 of easting. 

S. 19° E. 20 will have 18‘91 of ditto. 6'51 of ditto. 

2)37-93 12-69 

18-96 of southing 6*84 of easting. 



Therefore S 18J° E 20 chains will have 18-96 chains of 
southing and 6-34< chains of easting. 

Again, if the northing and westing of N 75|° W 10'35 
chains is required, — 

Chains. Chai^. Chains. 

N. 75° W. 10-35 will have 2-68-06 of northing 9-99-81 westing. 

N. 76° W. 10-35 will have 2-50-47 of ditto. 10-08-96 ditto. 

2)5-18-53 20-08-77 

N. 75|°W. 10-85 will have 2-59*26 of northing 10-04-38 westing, 
or nearly 2-59J of northing 10-04§ westing. 



If the northing and easting of N 14" 37' E 18 chains be 
required, take the northing and easting of the bearing 
length under 14° and the same under 15° ; take the 
difference of each, multiply the respective differences by 
the number of minutes, i. e. 37', and divide the products by 
60 (the number of minutes in a degree), subtract the first 
quotient from the northing, and add the second to the 
easting ; and the sum and difference will be the northing 
and easting required ; thus — , 
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N. 14“ E. 18 chaina will have 17 47 of northing, and 4 '35 of easting. 
N. 15“E. „ „ 17-39 of ditto, „ 4'66 of ditto. 



•08 diff. -31 diff. 

37 37 



60) 29-6 



6 nearly. 

14-47 



60)114-7 



19 nearly. 
4-35 



N. 14“ 37' E. 18 ch. will have 14-42 of northing, and 4-64 of easting. 



The use of the Traverse Tables in reducing hypothenusal or 
inclined distances to horizontal distances. — (See Art. 45.) 

(60.) When the table is used for the before-mentioned 

purpose, the column called 
bearing lengths represents 
the hypothenusal distance or 
longest side of a right-angled 
triangle, as CB ; the column 
called N or S distance repre- 
sents the horizontal distance AB ; and the column called E 
or W distance represents the perpendicular AC. 

If the horizontal distance AB or C« is required, -when the 
hypothenusal distance CB is 10 chains, and the angle aCB 
or CBA is 20°,— look in the table under 20°, and opposite 
10, in the column of bearing lengths, will be found in the 
column of N or S distance 9-40, which will be 9-40 chains, 
equal to the horizontal distance AB or Ca. 

If the horizontal distance AB or Ca is required, when the 
hypothenusal distance CB is 8 chains, and the angle oCB or 
• CBA is 50°, — look in the tables under 50°, and opposite 8, 
in the column of bearing lengths, will be found 5-14 chains, 
in the colunm of N or S distance, which is equal to AB or 
Ca, the horizontal distance. 

The horizontal distance of a line 20-50 chains, run under 
aB angle of 15° of elevation, is required ? 

Look in the tables under 15°, and in the column of 
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bearing lengths for 20*50 chains, the horizontal distance 
will be thus : — 

Chains. Chains. ' 

For 20*00 of hyp. distance 19*32 of horizontal distance. 

For 0*50 of hyp. distance 0*48 of horizontal distance. 

For 20*50 of hyp. distance 19 'SO the whole horizontal distance. 

Therefore, 20*50 chains of hypothenusal or inclining 
length will be equal to 19 chains 80 links, or 19*80 chains 
of horizontal distance. 
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OR, 

TABLES OF THE NORTHING OR SOUTHING, 

AND 

EASTING OR WESTING ; 

WHEREIN THE DISTANCE IS EXTENDED TO ONE. HUNDRED, 
FOR EVERY DEGREE OF THE QUADRANT. 
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iei S 

= £ «J fl 
2 6c M 

« C O « 

^3 




51 61-CO 

52 52-00 I 

53 6300 

64 64-00 

65 56-00 

66 66-00 

67 6700 

58 56-00 ! 

59 69-00 i 

60 6000 ! 

61 61-00 

62 62-00 

63 63-00 

64 61-00 
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OF THE PEODUCE OF SEAMS OF COAL. 

((>!.) From the ^'Brious experiments which have been 
made on the produce of tracts of coal mines, in the neigh- 
bourhood of Newcastle-upon-Tyne, it has been found that 
a cubic yard of coal weighs ’DyG of a ton ; therefore, an acre 
of that stratum, 1 Toot thick, will produce (if all wrought 
out) 1510 tons ; consequently an equal area of stratum, 
2, 3, 4, &c., feet in thickness, will produce 2, 3, 4, &c., times 
the quantity of tons of coal that a seam of 1 foot thick will 
produce. 

From this d&tum easy rules may be constructed for tlje 
use of the practical miner, which with facility may be 
retained for application in calculating the produce of seams 
of any given thickness in, tons. 

To find the nuniber of tons of coal contained per acre hy 
a seam of any given thickness. 

Eule I. — Multiply 1510 by the thickness or height of 
the seam in feet, and the product will be the number of 
tons of coal contained in an acre of that seam. 

To find the number of tons of coal produced per acre by a 
seam, where part thereof is only worked or taken away, 
the other part being left as a support to the roof. 

Eule II. — As the sum of the two parts, i.e., that left 
and that taken away, is to the part excavated or taken away, 
so is the whole number of tons contained in an acre of the 
seam to the number of tons produced per acre by the ex- 
cavated part. 

Example I. — What number of tons of coal is contained 
in an acre of coal stratum 6 feet thick r 

From rule 1st, 1510 x 0 = 9060 tons, the content. 

Example II. — What number of tons of coal is contained 
in an area of coal stratum of 100 acres, 5 feet thick ? 
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1510 X 5 = 7550 tone contained in one acre. 

Then 7550 x 100 = 755,000 tons contained in 100 acres. 
Example III.-— What number of tons of coal is con- 
tained in 400 acres of coal stratum 5 feet 3 indies thick ? 



First 5 ft. 3 iu. = — ft. 

•i 

. ,1510x21x400 

And - = 3,171,000 tons. 

4 

Example IV. — What number of tons of coal is contained 
in 400 acres of coal stratum 8 feet 4 inches thick ? 

First 8 ft. 4 in. = ^ft. 

O 

, j 1510 X 25 X 400 ooo A 

And — = 5,033,333 tons. 



Example V. — What number of tons of coal is contained 
iu 500 acres of coal stratum 4 feet 9 inches thick, exclud- 
ing a band of stone which lies therein 6 inches thick ? 

4‘75 — '50 = 4-25 feet, the thickness of the coal stratum, 
exclusive of the band of stone. 

Then 1510 x 4 25 x 500 = 3,208,750 tons contained iu 
500 acres. 

Ex.vmpee YI. — In a seam of coal which is 7 feet 3 inches 
tliick ; tliat is to say, 6 feet of its thickness is marketable, 
and 1 foot 3 inches inferior ; I wish to know the produce in 
tons per acre, both of the marketable and the inferior parts 
of the seam ? 

1510 X 6 = 9000 tons per aei’c, the marketable produce 
of the seam 

First 1 ft. 3 in. = ^ ft. 

1510 X 5 

And — - - = 1887| tons of the inferior parts. 



Example YH. — In a seam of coal 6 feet thick, I wish to 
know what number of tons it produces per acre, when 1 part 
is taken away, and 2 left for pillars or su])ports ? 

1510 X 6 = 9060 tons, the whole content per acre. 
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From rule 2nd, as 2 + 1 = 3:1:: 9060 : 3020 tons, 
the produce per acre of the part taken away. 

Example VIII. — In a seam of coal 3 feet 6 inches thick, 

1 wish to know what number of tons it will produce per 
acre, when two parts are taken away and 1 left ? 

1510 X 3‘5 = 5285 tons, the content per acre. 

As 2 + 1 :::: 3 : 2 : ; 5285 : 3523’33 tons, the produce 
per acre of the part taken away. 

Example IX. — In 1000 acres of coal 5 feet thick, whereof 

2 parts are worked and 1 left, I wish to know how many 
years this stratum of coal will produce an annual quantity 
of 50,000 tons ? 

1510 X 5 = 7550 tons, the whole produce of the seam 
per acre. 

Then as 3 : 2 : : 7550 : 5033, the quantity got per 
acre. 



And 



5033 X 1000 

5070W 



= lOO'GG years. 



Example X. — I have a tract of 600 acres of coal stratum, 
containing 2 seams, the first 5 feet 3 inches thick, and the _ 
second 3 feet 6 inches thick : Out of the first seam 3 parts 
are got and 1 left; ; and out of the second 4 parts are got and 
1 left. Now, if the annual vend of the two seams together 
is 75,000 tons, what number must be wrought out of each 
seam yearly, so that they may terminate together ; and how 
many years will the colliery last ? 



1510 X 21 

. - = 7927^ tons, the whole produce per acre of 



the first seam. 

And 4:3:: 7927J : 5945 tons, the quantity wrought 
per acre out of the first seam. 

Then 5945 x 600 = 3,567,000 tons, total produce of the 
first seam. 

1510 X 7 

Again, = 5285 tons, the whole produce per 

° 2 

acre of the second seam. 
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And i) : 4 : : 5285 : 4228 tons, the quantity wrought per 
acre out of the second seam. 

Then 4228 x 600 = 2,536,800 tons, total produce of the 
second seam. 



Now, to make the two seams terminate together, the 
quantity wrought out of each seam annually must bear the 
same proportion to each other as the quantity wrought out 
of each acre of each seam. 



Therefore 5945 + 4228 = 10,173 : 5945 : : 75,000 ; 
43,829 tons, the quantity to be wrought out of the first 
seam annually. 



And 75000 — 43829 — '31,171 tons, the quantity to be 

wrought out of the second seam annually. 

3567000 + 2536800 , 

Whence 75000 ~ years 18 days, 



the duration of the colliery. 

— Elaborate statistics and details of the extent, the prolsable pro- 
duce and duration of all the coal-fields in the United Kingdom, also the 
extent and thickness of the strata of those of the United States and the 
British colonies, as far as they are known ; as well as those of Belgium, 
France, Genuany, and other foreign countries, are given in the Reports of 
the Institution of Mining Engineers of Newcastle-upon-Tgne, to which the 
student is referred, who may be desirous to be ac<iuaintcd with these 
subjects. 

Questions in Mine Surveying. 

Note. — The solutions to the two following Questions in Mine Surveying 
will require a knowledge of the application of Algebra to Geometry, and 
the latter of the two will require a further knowledge of the application of 
Spherical Trigonometry to Astronomy. See Question XV II, page ‘211, 
Baker's Land and Engineering Suimeijing. Weale's Series. The student 
w'ill have no difiSculty in sketching the figures and assigning the dimensions 
to the given parts in the two Questions. 



Question 1. — There are four drifts in a coal mine forming 
a trapezium, the given lengths of which are a, b, c, d, and 
the sums of the opposite angles of the trapezium are known 
to be equal to two right angles, none of the angles being 
separately given. It is required to plot this subterraneous 
survey by the help of the following fonnula. 
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Let S - half the sum of the lengths of the four drifts = 
\ {a + b + c + d}, and D the diameter of circle, which will 
circumscribe the trapezium ; then 

■n _ / { {ac + bd) {ab + cd) (ad+ be) ) 

\ (s-a) (S-J) (S_^) j 



Note . — This formula will direst the preceding Question of its chief diffi- 
culty, while it will accustom the student to the appUcation of this species 
of mathematical analysis. 



Question 2. — There are live straight drifts, A 13, EC, CD, 
DE, EA, ill a coal-mine, forming an irregular polygon ; now, 
the several lengths of each of the five drifts are given, and 
the angles at B, C, and D are known to be equal to one 
another, hut are not given : also at each of the angles B and 
3) is a shaft, and the tops of these two shafts raaige with 
the sun at 3 h. 35' p.m. on the 22d of October, 1860. It is 
required from these data to plot this subterraneous survey 
in its true position with respect to the cairdinal points. 

Note. — This question was proposed by B. Qompertz, Esq., F.R.S., in 
the Genilf man's MaihemcUical Companion ; to which he gave a solution in 
a concise, novel, and ingenious manner by bis Principles of I marjinarit 
Quantities; other-solutions by the ordinary methods were also given to the 
same problem. 



THE END. 




inuDBuav. UNO arMrs, »iunt«bs, 
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RUDIMENTARY.— 69, 70.— MUSIC, Practical 

IV Treatise on, by C. C. SPENCER, Mus. Dr. 2 vols. in 1. 

In demv 12mo, cloth, price Is. 

RUDIMENTARY.— 71. — PIANOFORTE, In- 

IV struction for Playing the, by C. C. SPENCER, Mus. Dr. 

In demy 12mo, with Steel Engravings and Woodcuts, cloth, price 
6s. 6d. 

R UDIMENTARY.— 72, 73,74,75,75*. —RECENT 

-IV FOSSIL SHELLS (A Manual of the MolIusca),by SAMUEL 
P. WOODWARD, of the Brit. Mus. 4 vols. in 1, with Supplement. 

In demy 12mo., with Woodcuts, clutli, price 2s. 

RUDIMENTARY. — 76, 77. — DESCRIPTIVE 

I-V GEOMETRY, by J. F. HEATHER, M.A, 2 vols. in 1. 

In demy 12mo, with Woodcuts, price Is. 

R UDIMENTARY. — 77*. — ECONOMY OF 

IV' FUEL, byT. S. PRIDEAUX. 



In d**my 12mo, 2 vola. in 1, with Woodcut'*, cloth, price 2ft. 

RUDIMENTARY.— 78, 79.— STEAM AS AP- 

IV PLIED TO GENERAL PURPOSES. 

John Weale, 59, High Uotborn, London, W.C. 
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jyjE. WE ALE’S EUDIMENTAKY SERIES. 



Ill demy 12aio, with Wood.uts, cloth, price Is. 6d. 

T:) UDIMENTARY.— 78*.— LOCOMOTIVE EN- 

J-' GINU, brG.D. OEMPSEY, C.E. 



In roval 4to, doth, price 4.s. 6d. 

PUDIMENTARY. — 79*. — ATLAS OF EN- 

Tv GRAVED PL.ATES to DE.MPSEY’S LOCOMOTIVE 
ENGINES. 



In demy 12ino, with Woodcuts, cloth, price Is. 

pUDIMENTAEY.— 79**.— ON PHOTOGEA- 

-•■V phY, the Composition end Properties of the Chemical Sub- 
stances used, by Dr. H. HAI.LEUR. 

In demy 12ino., with Woodcuts, cloth, price 2s. 6d. 

P UDIMENTARY. — 80, 81. — MARINE EN- 

OINES AND ON THE SCREW, &c,, by R. MURRAY, C.E. 
2 Tols. in 1. 



In demy 12uio, cloth, price 2s. 

PUDTMENTARY.— 80*, 81*.— EMBANKING 

TV LANDS FRO.M THE SEA, by JOHN WIGGINS, F.G.S. 
2 Tols. in 1. 



In demy 12mo, with Woodcuts, cloth, price 2s. 

P UDIMENTARY. — 82, 82*. — POWER OF 

TV WATER, AS APPLIED TO DRIVE FLOUR MILLS, 

• by JOSEPH GLYNN, F.R.S.. C.E. 

In demy 12mo, cloth, price is. 

PUDIMENTARY.-83.— BOOK-KEEPING, by • 

TV JAMES HADDO.N, M.A. 

In demy 12mo, with 'Woodcutfl. price 3s. 

PUDIMENTARY. — 82**, 83*, 83 {bis) COAL 

TV gas, on the Manufacture and Distribution of, by .SAMUEL 
HUGHES, C.E. 



In demy 12mo. with AVoodcuts, cloth, price 3s. 

PUDIMENTARY.— 82***.— WATER WORKS 
TV for the supply of CITIES AMjl, TOWNS ; Works 

which have been executed for procuring Sopphes by means of 
Drainage Areas and by Pumping from AVeiis, by SAMUEL 
HUGHES, C.E. 

In demy 12mo, with VVoodcuts, cloth, price Is. 6d. 

P UDIMENTARY. — 83**.— CONSTRUCTION 

TV OF DOOR LOCKS. 



In demy 12mo. with AVoodcuts, cloth, price l.s. 

PUDIMENTARY. — 83 {bis) — FORMS 

TV ships AND BOATS, by W. BLAND, of Hartlip. 



OF 



In demy I2mo, cloth, price ls.6d. 

PUDIMENTARY.— 84.— ARITHMETIC, witli 

TV numerous Examples, by Prof. J. R. YOUNG. 



In demy 12mo, cloth, price ly. 6d. 

PUDIMENTARY. — 84*. — KEY to the above, 

TV by Prof. J. R. YOUNG. 

In demy 12mo, cloth, price is. 

PUDIMENTARY. — 85. — EQUATIONAL 

TV ARITHMETIC, Questions of Interest, Annuities, Ac, by 
W.HlPSLViY. 

John Weale, 59, High Holborn, London, .AV.C. 
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J^R. AVEALE'S RUDIMENTARY SERIES. 

In demy 12mOf cloth, price Is. 

X) UDIMENTA RY.— 86*.— SUPPLEMENTARY 

T»' VOLUME TO HIPSLEY’S EQUATIONAL ARITHME- 
TIC, Tables for the Calculation of Simple Interest, with Logarithms 
for Compound Interest and Annuities, &c , &c., bj W. HIPSLEV. 



In dem 7 12mo, cloth, price 2s, 

PUDIMENTARY. — 86, 87. — ALGEBRA, by 

JA JAMES UADDON, M.A. 2vols.ini. 



In demy 12mo, in cloth, price Is. 6d. 

RUDIMENTARY.— 86*, 87*.— ELEMENTS OF 

TV ALGEBRA, Key to the, b 7 Prof. YOUNG. 



In demy 12mo, with Woodcuts, price 2s. 

RUDIMENTARY.— 88, 89.— ELEMENTS OF 

TV GEO.METRY, by HENRY L AAV, C.E. 2vols.ini. 



In demy 12rao. with Woodcuts, cloth, price Is. 

RUDIMENTARY.- 90.— GEOMETRY, ANA- 

TV LYTICAL, by Prof. JAMES HANN. 



In demy l2mo, with Woodcuts, cloth, price 2s. 

RUDIMENTARY. —91, 92. — PLANE AND 

TV SPHERICA L TRIGONOMETRY, by the same. 2Tol8.ini. 

In demy 12mn, with Woodonts, cloth, price Is. • 

RUDIMENTARY.— 93.— MENSURATION, by 

TV T. BAKER, C.B. 



In demy 12mo, cloth, price 2s. 6d. 

R UDIMENTARY. — 94, 96. — LOGARITHMS, 

TV Tables for facilitating Astronomical, Nautical, Trigonometri- 
cU, and Logarithmic Calculations, by H. LAW, C.E. New Edition, 
with Tables of Natural Sines and Tangents, and Natural Cosines. 
2 vols. in 1. 



In deray l2mo, with Woodcuts, cloth, price Is. 

RUDIMEN:^Y.— 96.— POPULAR ASTRO- 

TV NO.MY. B^ie Rev. ROBERT MAIN, M.R.A.S. 



In demy 12ran, with WoodciitR, cloth, price Is. 

RUDIMENTARY.— 97.— STATICS AND DY- 

TV NAMIC3, by T. BAKER, C.E. 



In demy 12mo, wi'li 220 Woodcuts, cloth, price 2s. 6d. 

RUDIMENTARY. — 98, 98*. — MECHANISM 

TV and PRACTICAL CONSTRUCTION OF MACHINES, 
by T. BAKER, C.E., and ON TOOLS AND MACHINES, by 
JAMES NASMYTH, C.B. 



In demy 12mo, with Woodcuts, cloth, price 2s. 

RUDIMENTARY.— 90, 100.— NAUTICAL AS- 

VV TRONOMY AND NAVIGATION, by Prof. YOUNG. 2 
Tols. in 1. 



In demy 12mo, cloth, price Is. 6d. 

T) UDIMENTARY. — 100*. — NAVIGATION 

TABLES, compiled for practicul use with the above. 



In demy 12mo, cloth, price In. 

RUDIMENTARY. — 101. — DIFFERENTIAL 

TV CALCULUS, by Mr. WOOLHOUSE, F.K. A.8, 

John Weale, 69, High Holborn, London, W.C. 
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WEALE’S EUDIMENTARY SERIES. 



In df^my 12mo, cloth, price 1^. 6d. 

RUDIMENTARY. — 101*. — WEIGHTS AND 

MEASURES OP ALL NATIONS : Weiglits, Coins, and the 
various Divi.sioiia of Time, with the principles which determine 
Ra tes of Exchan ge, by Mr. WQOUIOUSK . F.R. A.5. 

111 demy 12mo, in cloth, price Is. 

RUDIMENTARY. — 102.— INTEGRAL CAL- 

.1*- CULUS.by n.COX. M.A, 

In demy 12mo, in cloth, price Is. 

R UDIMENTARY. — 103.— INTEGRAL CAL- 

CDLUS, Exatnp lo B of, by Prof. .1 AMES HANN. 

In demy 12mn, cloth, price la. 

RUDIMENTARY. — 104. — DIFFERENTIAL 

-1^ CALCULUS. Examples of, by J. H A UPON, M. A. 

In demv 12mo, with Woodcuts, cloth, price Is. 6d. 

R UDIMENTARY. — 105. — ALGEBRA, GEO- 

METRY, AND TRIGONOMETRY, Mnemonical Lessons, 
by theR-v. T. PENYNGTO.N KIKKMAN, M.A. 

In demy 12nin, with Woodcuts, cloth, price la.6d. 

RUDIMENTARY.- 106.— SHIPS’ ANCHORS 

FOR ALL SERVICES, by Mr. GEORGE COTSELL, N.A. 



In deniy 12mo, with Woodcuts, price 2 m. 6d. 

RUDIMENTARY. —107. — METROPOLITAN 

-tw BUILDINGS ACT in present operation, with Notes, and the 
Act dated August 28lh, 1860, for better supplying of Gas to the 
MHtropoliM, 

In demy 12mo, cloth, price Is. 6d. 

RUDIMENTARY. — 108. — METROPOLITAN 

J-V LOCAL MANAGEMENT ACTS. All the Acts. 



In demy 12mo, cloth, price ls.6d. 

RUDIMENTARY, — 109. — LIMITED LIA- 

-*•*' BII.ITY AND PARTNERSHIP ACTS. 



In domy 12mo, cloth, price Is. 

RUDIMENTARY.— 110.— SIX RECENT LE- 

J-*' GISLATIVE ENACTMENTS, for Cdntractors, Merchants, 

and Tradesmen. 

In demy 12mo, cloth, price la. 

RUDIMENTARY. — 111. — NUISANCES EE- 

J-t MOVAL AND DISEASE PREVENTION ACT. 



In demy 12mo, cloth, price Is. 6d. 

RUDIMENTARY.— 112.— DOMESTIC MEDI- 

AV CINE, PRESERVING HEALTH, by M. RASPAIL. 

In deniv 12mo, cloth, price la. 6d. 

RUDIMENTARY.- 113. — USE OF FIELD 

II' ARTILLERY ON SERVICE, by Lieut.-Col. HAMILTON 

MAX WELL. B .A. 

In deioy 12mo, with Woodcuts, cl 'tli, price Is. 6d. 

RUDIMENTARY.— 114.— ON MACHINERY: 

Rudimentary and Elementary Principles of the Coostniction 
and on the Working of Machinery, by C. D. ABEL, C.B, 

In roval 4to, cloth, price 7s. 6d. 

RUDIMENTARY.— 115.— ATLAS OF PLATES 

AV OF SEVERAL KINDS OF MACHINES, 17 very valuable 
Illustrative platca. 

John Weale, 59, High Holborn, London, W.C. 
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]!^E. WE ALE’S EUDIMENTAHY SEEIES. 



In demy 12mn. with Woodcuts, cloth, price la. 6d. 

■RUDIMENTAEY. — 116. — TEEATISE ON 

ACOUSTICS; The DistrihuUon of Sound, by T. ROGEK 
SMITH, Architect. 



In demv 12mn, with WooJcuts, clot!', price 2s. 6d. 

p U DIM ENTAEY.— 1 1 7.— S U BTERRANEOUS 

SURVEYING, RANGING THE LINE WITHOUT THE 
MAGNET. By THOMAS FENWICK, Coal Viewer. With Im- 
provements and Modem Additions by T. ltAKEIl,C.E. 



In demy 12mo, with Plates and Woodcuts, cloth, price 3s. 

T)UDIMENTARY.— 118, 119.— ON THE CIVIL 
At engineering of NORTH AMERICA, by D. STEVEN- 
SON, C.E. 2vols. Inl. 



In d-‘niy 12mo, with Woodcuts, cloth, price 3a. 

PUDIMENTARY. — 120.— ON HYDRAULIC 

Av engineering, by G. R. BURNELL, C.E. 2vola.ini. 



In demy 12mo. with 2 EngraTed Plates, cloth, price Is. 6d. 

PUDIMENTAEY. — 121. — TREATISE ON 
AV rivers and torrents, from the Italian of PAUL 
FRISI. 



In demy l2mo, hv PAUL FRISI, in cloth, price Is. 

PUDIMENTAEY.— 122.— ON RIVERS THAT 

Aw CARRY SAND AND MUD, and an ESSAY ON NAVI- 
GABLE CANALS. 121 and 122 bound together, 2s. 6d. 



In deray 12mo. with Woodcuts, cloth, price la. 6'l. 

p UDIMENTARY. — 123. — ON CARPENTRY 

AND JOINEllY. founded on Dr. Rob^soii’d Work. 

In demv 4to, clorlf price 4 ^. 6d. 

PUDIMENTARY.—123*.— ATLAS of PLATES 

AW in detail to the CARPENTRY AND JOINERY. 123 and 
123* bound together In cloth in I vot. 



In demv 12mo, with WoodcutR, cto»h, price Is. fid. 

p UDIMENTARY. — 124. — ON ROOFS FOR 

IW PUBLIC AND PRIVATE BUILDINGS, founded on Dr. 
Robison's Work, 

In loyHl 4tOy Jloth, price 4s. fii. 

P UDIMENTARY.— 124*.— RECENTLY CON- 

AW STRUCTED IRON ROOFS. Atlas of plates. 



In demy 12mo, with Wtxidcuts, clotli, price 3s. 

PUDIMENTAEY.- 125.— ON THE COMBUS- 

AW tION of coal and the prevention of SMOKE. 

Chemically and Practically Considered, by CHARLES WYE 
WILLIAMS. 



In drmv 12rao, el's'll. 125 and 126 toeether, price 3s. 

R udimentary. — 126. —i illustrations 

to AVILLIAMS'S COMBUSTION OF COAL. 125 and 126, 
2 yols. bound in 1. 



In demy 12mo, with Woodcuts, cloth, price la. Gd, 

P UDIMENTARY. — 1 27. — PRACTICAL IN- 

Aw STRUCTIONS in THE ART OF ARCHITECTURAL 
MODELLING. 

John Weale, 59, High Holbora, London, W.C. 
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jyj^R. WEALE’S KUDIMENTAEY SERIES, 



Id dxmy 12rao, with Engraviogs and Woodcuts. 

PUDIMENTARY.— 128. — THE TEN BOOKS 

TV OE M. VITRUVIUS ON CIVIL, MILITARY, AND 
NAV^L AROHITEUTUKE, translated by J03EPU QWILT, 
Arch. 2 voIh. in 1. 



In demy 12mo, 128 and 129 together, cloth, price 6a. 

PUDIMENTARY. — 129. — ILLUSTRATIVE 

Tv plates to VITRUVIUS’S TEN BOOKS, by the Author 
and JOSEPH GANDY, K.A. 



In demy 12mo. cloth, price Is. 

R udimentary. — i3o. — inquiry into 

THE PRINCIPLES OF BEAUTY IN GRECIAN ARCHI- 
TECTURE, by the Right Hon. the Earl of ABERDEEN, &c. Ac. 



In demy 12mo, cloth, price Is. 

p UDIMENTARY. — 131. — THE MILLER’S, 

Tv merchant S, AND FAR.MER’3 READY RECKONER, 
for ascertaining at Sight the Value of any quantity of Com ; toge- 
ther with the approximate value of Millstones and Millwork. 



In demy 12mn, with Woodcuts, cloth, price 2s. 6d. 

PUDIMENTARY.— 132.— TREATISE ON THE 

TV. erection OF DWELLING HOUSES, WITH 8PECI- 

fications.quantities of the various materials, 

Ac., by S. U. BROOKS, Architect. 27 Plates. 



P UDIMENTARY SERIES. — ON MINES, 

TV smelting works, and the manufacture of 

METALS, as follows. 

In demy 12mo, with Woodcuts, cloth, price 2a. 

PUDIMENTARY. — Vol, 1. — TREATISE ON 

TV the metallurgy of copper, by R. H. LAMBORN. 



In demy 12mo, to have Woodcuts, cloth. 

PUDIMENTARY — Vol. 2. — TREATISE ON 

TV the metallurgy of silver and lead. 



Iq (fexny 12mo» to have Woodcnts, cloth. 

PUDIMENTARY AND ELEMENTARY — 

TV Vol. 3.— TREATISE ON IRON METALLURGY up to the 
Manufacture of the latest processes. 

In demy 12mo, to have Woodcuts, cloth. 

PUDIMENTARY AND ELEMENTARY — 

TV Vol. 4.- TREATISE ON GOLD MINING AND ASSAY- 
ING PLATINUM, IRIDIUM, &c. 

In demy 12mo, to have Woodcuts, cloth. 

PUDIMENTARY AND ELEMENTARY — 

TV Vol. 6.— TREATISE ON THE MINING OF ZINC, TIN, 
NICKEL, COBALT, &c. 

In demy 12mo, to have Woodcuts, cloth. 

PUDIMENTARY AND ELEMENTARY — 

TV Vol. 6.— TREATISE ON COAL MINING (Geology and 
Means of Discovering, Ac.) 

In demv 12mo, with Woodcuts, cloth, price Is. 6d. 

PUDIMENTARY— Vol, 7. — ELECTRO-ME- 

TV TALLURGY.— PraclicaUy treated by ALEXANDER 
WATT, F.R.S.A. 

J'ohn Weale, 59, High Uolboro, London, W.C. 

B 2 
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SERIES OF EDUCATIONAL WORKS. 



In dainr 12mo, with Woodcuts, cloth, price 4s. 

ONSTITUTIONAL HISTORY OF ENG- 

LAMO.— 1, 2, 3, 4,- By W. D. HAMILTON, of Ihe Stute P. O. 



In (loray l^ioo, with WoodcutR, cloth, price 2s. 6d. 

rjUTLINES OF THE HISTORY OF GREECE. 

-6, 6.-ByW.D. HAMILTON, 2 Tola. 

Ill demy 12mo, with Map of Italy and Woodcuts, cloth, price 2s. 6d 

nUTLINE OF THE HISTORY OF ROME.— 

^ 7, 8.— By W. D. HAMILTON, 2 ToU. 



In demy 12mo, cloth, price 2ft. 6.1. 

pHRONOLOGY OF CIVIL AND ECCLEST- 

astical history, literature, art, and civi- 

LISATION. from tlie earliest period to the present.— 9, 10. — 2 vols. 



In demy 12mo, cloth, price Is. 

pRAMMAR OF THE ENGLISH LANGUAGE. 

V* —11.— By HYDE CLARKE, D.C.L. 



In demy 12mo, cloth, price Is. 

TJANDBOOK OF COMPARATIVE PHILO- 

iA LOQY.-ll*. -By HYDE CLARKE, D.C.L. 



In demy stout 12tno, cloth, ]Hice 3s. 6d. 

■DICTIONARY OF THE ENGLISH LAN- 

A' GUAOE. — 12, 13.— A New Dictionary of the English Tongtte 
aaspokeu and written, above 100,000 words, or 60,000 m >re than in 
any existing work, by HYDE CLARKE, D.C.L., 3 vola. in 1. 



In demy 12mo, cl ith, price la. 

p RAMMAR OF THE GREEK LANGUAGE. 

VI —14— By H.C. HAMILTON. 



In demy 12mo, cloth, price 2a. 

DICTIONARY OF THE GREEK AND ENG- 

AA LISU LANGUAGES.— 16, lA-By H. K. HAMILTON, 2 
Tolft. in I. 



In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE ENGLISH AND 

A/ GREEK LANUUAGE3.— 17, IK- By H. E. HAMILTON, 2 
vola. in 1. 



In demy 12mo, cloth, price Is. 

p RAMMAR OE THE LATIN LANGUAGE. 

VI _19._By the Rev. T. GOODWIN, A.B. 



In demy 12mo, elotb, price 2». 

DICTIONARY OF THE LATIN AND ENG- 

A/ lISH LANGDA6E8.—20, 2l.-By the Rev. T. GOODWIN, 
B.A. Vol. 1. 



In demy 12mo, cloth, price Is. 6d. 

•nlCTIONARY OF THE ENGLISH AND 

iA LATIN LANGUAGES.- 22, 28.— By tba Eev. T. GOOD- 
WIN, A.B. Vol. II. 



In demy 12mo, cloth, price Is. 

QRAMMAE OF THE FRENCH LANGUAGR - 

Joba Weale, 53, High Holbom, London, W.C. 
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WEALE’S EDUCATIONAL SERIES- 



In demy 12roo, clothe price Is. 

T^ICTIONARY OF THE FRENCH AND 

KNGMSH LANGUAGE3.-25— By A. ELWES. Vol. I. 



In demy 12mo, clnlh, price Is. 6d. 

■niCTIONARY OF THE ENGLISH AND 

FRENCH LAN JUAGES.-26.-By A. ELWES. Vol II. 



In demy 12mo, c’.oth, "price Is. 

p RAMMAR OF THE ITALIAN LANGUAGE 

'J — 27.-By A. ELWE8. 



In demy 12mr>, cloth, price 2s. 

T^ICTIONARY OF THE ITALIAN, ENG- 

j-/ LISH, and FRENCH LANGUAGES.— 28, 29.— By A. 
ELWES. Vol. I. ' 



In demy 12mo, cloth, price 2s. 

T^ICTIONARY OF THE ENGLISH, ITALIAN, 

-L' AND FRENCH LANGUAGES.- SO, 31.-By A. ELWES. 
Vol. II. 



In demy 12rao, cloth, price 2s. 

•niCTIONARY OF THE FRENCH, ITALIAN, 

A/ and ENGLISH LANGUAGES. -82, 83.— Bv A. ELWES. 
Vol. HI. 



In demv 12mo, cloth, price Is. 

p RAMMAR OF THE SPANISH LANGUAGE. 

— 3i._By A. ELWES. 



In demy 12mo, cloth, price 4ft. 

■niCTIONARY OF THE SPANISH AND 

A' ENGLISH LANGUAGES.-35, 38, 37, 38.— By A. ELWES. 
4 vols. In 1. 



In deitry 12mo, cloth, price Is. 

(JRAMMAR OF THE GERMAN LANGUAGK 



In dt-my 12m<v cloth, price Ifl. 

pLASSICAL GERMAN READER.— 40.— From 

A/ the best Anthors. 



In demy 12mo, cloth, price 3s. 

'niCTIONARIES OF THE ENGLISH, GEB- 

A' man, and FRENCH LANGUAGES.— 41, 42, 43.- By N. 
E. HAMILTON, 3 vols., separately, Is. each. 



In demy 12mo, cloth, price 7s. 

TVICTIONARY OF THE HEBREW AND 

A/ ENGLISH LANGUAGES.— 44,45.— Containing the Biblical 
and Rabbinical words, 2 vols. (together with the Grammar, which 
may be had separately for Is.), by Dr. BRE3SLAU, Hebrew Pro- 
fessor. 



In demy 12mo, cloth, price 3s. 

TlICriQNARY OF THE ENGLISH AND 

Af HEIIRBW languages.— 46.— Vd. III. to complete. 

1 n demr 12mo, cloth, price Is. 

Jj'RENCH AND ENGLISH PHRASE BOOK, 

John Wealo, 69, High Holbom, London, W.C. 
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J!^K. WEALE’S CLASSICAL SERIES. 

Now in course of Publication, in demy 12ino, price Is, per Voiunic 
fexcept in some instances, and those are Is. 6d, or 2s. each), very 
neatly printed on good paper. Those priced are published. 

nREEK AND LATIN CLASSICS.— A Series of 

Cl Volumes containing the principal Greek and Latin Authors, 
accompanied by Explanatoiy Notes in English, principally selected 
from the best and most recent German Commentators, and com- 
prising all those Works that are essential for the Scholar and the 
Pupil, and applicable for the Universities of Oxford, Cambridge, 
Edinburgh, Glasgow, Aberdeen, and Dublin — the Colleges at Belfast, 
Cork, Galway, Winchester, and Eton, and the great Schools at 
Harrow, Rugby, &c. — also for Private Tuition and Instruction, and 
for the Library, as follows ; 

LATIN SERIES. 

In demy 12nio. boards, price Is. 

A new LATIN DETLECTUS.— l. — Extracts. 

from Classical Authors, with Vocabularies and Explanatory 
Notes. 

In demy 12mo, boards, price 2s. 

p^SAR’S COMMENTARIES ON THE GAL- 

Lie WAR. — 2. — With Grammatical and Explanatory Notes 
in English, and a Geographical Index. 



In demy 12mo, boards, price Is. 

QORNELIUS NEPOS.— 3.— With Engliah Notes, 

In demy 12mo, boards, price lu.* * 

IRGIL.— 4. — The Georgi es, Bucolics, with English 

* Notes. 

In demy 12mo, boards, price 2s. 

WIRGIL’S JENEID. — 5. — (On the same plan as 

• the preceding). 

In demy 12mo, boards, price Is. 

TT GRACE. — 6. — odes and Epodes ; with English 

Notes, and Analysis and Explanation of the Metres. 

In demy 12mo, boards, price Is. 6d. 

TJ ORACE, — 7. — Satires and Epistles, with English 

•0. Notes, (kc. 

In demy 12mo, boards, price Is. 6d. 

CALLUST. — 8. — Conspiracy of Catiline, Jugur- 

^ thine War, with English Notes. 

In demy 12mo, boards, price Is. 6d. 

^TERENCE. — ^9. — Andrea and Htautontimorume- 

•L DOS, with English Notes. 

In demy 12mo, boards, price 2.4. 

fl’ERENCE. — 10. — Phormio, Adelphi, and Hecyr.t, 

A with English Notes. 

In demy 12mo. 

piCERO. — 11. — Orations against Catiline, for 

Sulla, for Archias, and for the Manilian Law. 

In demy 12mo. 

pICERO. — 12.— First and Second Philippics j Ora- 

V tlons for Milo, for Marcelliis, 4c. 

John Weale, 69, High llolborn London, W.C. 
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In d«my 12mo. 

0ICERO.— 13.— De OfficiU. 

In di-my 12mo, boardn, price 2s. 

pICERO. — 14. — De Amiciti^, de Senectute, aud 

Brutus, with English Notes. 

In demy 12ino. 

JUVENAL AND PERSIUS.— 15,— (The indeli- 

^ ca-*^ parts expunged.) 

In demy r2>nn, boards, price 3s. 

T IVY. — 16. — Books i. to v. in two vols., witli 

English Notes. 

In (hnny r2u>o, boards, price Is. 

T IVY. — 17. — Books xxi. and xxii., with English 

NotPR. 

In demy 12»no. 

^ACITUS. — 18. — Agricola ; Gennania; and An- 

i.als, Book i. 

In deniv 12rao, boards, prim 2s. 

O ELECTIONS FROM TIBULLUS, OVID, an 1 

PaOPEItTIUS.— 1 9.— With EngliKli Notes, 

In demv 12mo. 

C ELECTIONS FROM SUETONIUS and the 

Inter Lstiii Writers.— 20. 



GREEK SEUIES, ON A 8IMII.AR PLAN TO THE LATIN 
SERIES. 

Tliose not priced ere in the Press. 

In demr l2mo, boards, price Is. 

INTRODUCTORY GREEK READER. — 1. — 

A On the same plan as the Latin Reader. 

In detuy 12mo, boards, price l.r. 

VENOPHON. — 2 . — Anabasis, i. ii. iii., with 

English Notes* 

In demv I2nio, boards, price Is. 

VENOPHON. — 3. — Anabasis, iv. v. vi. vii., with 

English Notes. 

lu demy 12mo, boards, price Is. 

J^UCIAN. — 4. — Select Dialogues, with English 

in demy 12mo, boards, price Is. 6d. 

JJOMER — 5. — Iliad, i. to vi., with English Notes. 

In d*>roy 12mo, boards, price Is. 6d. 

JJOMER. — 6. — Iliad, vii. to xii., with English Notes. 

In demy 12mo, boards, price Is. 6d, 

XJOMER. — 7. — Iliad, xiiL to xviii, with English 

Notes. 

In demy 12mo. boards, price Is 6d, 

TJOMER. — 8. — Iliad, xix. to xxiv., with English 

A1 Notes. 

John Weale, 69, High Hoibom, London, W.C. 
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R WEALE’S CLASSICAL SERIES. 



In demy boards, price Is. 6d. 

OMER — 9. — Odyssey,!, to vi., with English Notes. 

In demy 12mo, boards, price Is. 6d. 

TJOMER. — 10. — Odyssey, vii. to xii., with English 

_ _ _ Notes. __ 

In demy 12mo, boards, price Is. 6J. 

LT OMER. — 11. — Odyssey, xiii. to xviii.with English 

NoteR. 

In demy 12ino, boarde, price Is. 6d. 

TJOMER — 12. — Odyssey, xix. to xxiv. ; and 

J-i. Hymns, with English Notes. 

In demy 12mo, boards, price 2s. 

pLATO. — 13. — Apology, Crito, and Phsedo, with 

^ English Is'otes. 

In demy 12mo, boards, price Is. 6d. 

JJEEODOTUS. — 14. — i. ii., with English Notes. — 

AJ. Dedicated to Ui.s Grace the Duke of Devonshire. 

In deray boards, price Is, 6d. 

TJ ERODOTUS. — 16. — iii. iv., with English Notes. 

Dedicat»»d to His Grace the Duke of Devonsldre. 

In demy 12mo. 

TJ ERODOTUS. — 16. — v. vi. and part of vii. 

X-l Dedicated to His Grace the Duke of Devonshire. 



In demy 12mo. 

U ERODOTUS. — 17. — Remainder of vii., viii., and 

-^•1 ix. Dedicated to His Grace ti>e Duke of Devonshire. 

In demy 12rao, boards, price Is. 

■ gOPHOCLES. — 18. — CEdipus Rex, with English 

In demy 12mo. 

gOPHOCLES. — 19. — CEdipus Colonteus. 

In demy 12mo. 

gOPHOCLES. — 20.-^Antigone. 

In demy 12mo. 

gOPHOCLES.— 21.— Ajax. 



In demy 12mo. 

g OPHO CLES. — 22. — Philoetetee. 



In demy 12mo, boards, price Is, 6<1. 

J^URIPIDES. — 23. — Hecuba, with English Notes. 

In demy 12mo. 

URIPIDES.— 24.— Medea. 

In demy 12mo. 

J^URIPIDES. — 26. — Hippolytus. 

John Weale, 69, High Holbom, London, W.C. 
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WEALE’S CLASSICAL SERIES. 



In demy 12mo, boards, price Is. 

J^URIPIDES. — 26. — Alcestis, with English Notes. 

In demy 12mo. 

J^URIPIDES.— 27.— Orestes. 

In demy 12nio. 

T? URIPIDES. — 28. — Extracts from the remaining 

Xj Playa. 

In dt'ir.y 12tno. 

COPHOCLES. — 29. — Extracts from the remaining 

^ plays. 

In demy 12mo, 

^^SCHYLUS. — 30. — Prometheus Vinctus. 

In (iemy 12mo. 

SCH YLUS.— 31 .— Persse. 

In demy 12mo. 

^^ SCHYLUS. — 32. — Septem contra Thebas. 



In demy 12mo. 

^^SCHYLUS. — 33. — Chogphorse. 

In demy 12mo. 

SCH Y LUS. — 34. — Eumenides. 

In demy 12mo. 

SCHYLUS. — 35. — A gamemnon. 

In demy 12rno. 

^SCHYLUS.— 36.— Supplices. 

In demy 12mo. 

• J)LUTARCH. — 37. — Select Lives. 

•In d«my 12mo, 

J^RISTOPHANES.—38.— Clouds. 

' In demy 12mo. 

j^RISTOPHANES.— 39.— Frog.s. 

In demy 12ino. 

ARISTOPHANES. — 40. — Selections from the 

rpTnainini; (’omadiee. 

In d«my l^mo, boa4‘ds price Is. 

q^HUCYDIDES. — 41. — I., with English Notes. 

In demy ISmo, 

,^HUCYDIDES.— 42.— II. 

John Weale, 69, lligli Holborn, London, AV.C. 
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iy|R. WEALE’S CLASSICAL SERIES, 

lu d«iuy l 2 mo. 

fJ'HEOCRITUS.— 43.— Select Idyls. 

In demy 12mo. 

piNDAR.— 44. 

In deray 12rao. 

gOCRATES.— 45. 

Xu ueiity r2mu. 

JJE5IOD.— 46. 



TV/IR. WEALE’S PUBLICATIONS OF WORKS 

4V1 ON AKCHITECTUKE, ENGI.NEEKING, AND THE 
FINE ARTS. 



In 1 large Atlas, folio Volume, with fine Plates, price £4 4s. 

<< T3RITISH GOVERNMENT WORK.” -THE 

ARCHITECTURAL ANTIQUITIES AND RESTO- 
RATION OF ST. STEPHEN’S CHAPEL, WESTMINSTER 
(late the House of Commons). 



Fine Plates and Vignettes, Atlas folio, price £3 10s. 

< t V ORWEGIAN GOVERNMENT WORK” 

-THE CATHEDRAL OF THRONDHEIM, IN 
NORWAY. Text by Professor MUNCH; drawings by H. E. 
SCHIR.MER, Architect. 

Large Atlas folio, 4 livraisons, published in Madrid, at 100 reals 
each, or £1 in England, lilastrated by beautifully executed 
Engravings, some of which are coloured. 

i i q PANISH GOVERNMENT WORK.”— 

^ MONUMENTS ARiIIITEOTONIQUES DE L’ES- 
PAGNE, PUBLICS AUX FRAIS DE LA NATION.— Pabt I 
Frovincla de Toledo, Granada, Alcald de Henares.— Part 2. Cate- 
dral Toledo, Detailles.— Part 3. Granada, Segovia, Toledo, Sala- 
manca. — Part 4. Santa Maria de Alcald de Henares, Casa Lonia de 
Valencia, Toiedo, Segovia, <:c.— This work surpasses in beauty alt ♦ 
other works. 



Columbier folio plates, with text also uniform, with gold borders, 
and sumptuously bound in red morocco, gilt; gilt leaves, £12 12s., 
Columbier folio plates, with text also uniform, with gold borders, 
and elegantly half-bound in morocco, gilt, £l910s.; Plates in 
Columbier folio, and text in imperial 4to, half-bound in morocco, 
gilt, £7 7s. ; Plates in Columbier folio, and text in imperial 4to, 
in cloth extra, boards and lettered, £4 14s. 6d. 

THE VICTORIA BRIDGE, AT MONTREAL, 

-L IN CANADA. — Elaborately illustrated by views, plans, 
elevations, and details of the Bridge ; togetherwith the illustrations 
of the Machinery and Contrivances used in the construction of this 
stupendously important and valuable engineering work. The whole 
produced in the finest style of art, pictorially and geometrically 
drawn, and the views highly colour^, and a descriptive text. 
Dedicated to His Royal Highness the Prince of Wales. ByJAMES 
HODGES, Engineer to the Contractors. Engineers: ROBERT 
STEPHENSON and ALEX. M. ROSS. Contractors; Sir S. 
MORTON PETO. Bart., M.P., THOMAS BRASSEY, and ED- 
WARD LADD BETTS, Esqrs. 

John Weale, 69, High Holbom, London, W.C. 
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M e. weale’s woeks on aechitec- 

TURE, ENGINEERING, FINE ARTS, &c. 

In one imperial folio viltuue, with exquisite illusirative Plates from 
costly Drawings made by the most eminent artists, half-bound 
very neat, price £6 6s. Only 160 copies printed for sale. 

PROFESSOR COCKERELL’S WORK.— 

j- THE TEMPLES OF JUPITER PANHELLENIUS AT 
jEGINA, and of APOLLO EPICURIU3 AT BASSvE, NEAR 
PHIGAl.EIA, IN ARCADIA. 



It is proposed to publish tlie Life aud Works of the late 

TSAMBARD KINGDON BRUNEL,* F.R.S., 

-L Civil Engineer. — The genius, talent, and great enterprise 
of the late Mr. Biunel has a world-wide fame, his whole life was 
devoted alone to the science of his profession, not in imitation or 
copying others, but in invention. In finding out new roads to the 
onward udvancemcnt of his Ai-t, the lifting np from the slow and 
beating path of Engineering Art, new ideae and realities, and which 
has or have given to England a name for reference and of renowned 
intelligence in this Art. 



Just published, in 4to, with 100 Engravings, price, bound, 2ts. 

I'HE PRACTICAL HOUSE CARPENTER.— 

More particularly for country practice, wltb specifications, 
quantities, and contracts ; also containing— 1. Designs for tbe Cen- 
tering of Groins, Niclies, &c. ; 2. Designs for Roofs and Staircases, 
3. The T'ive Orders laid down to a scale; 4. Modern Metliod of 
Trussing Girders, Joints ofCarpenlers’ work ; 6. Doiignsfor Modern 
Shop Fronts with their details; 6. Designs for Modern Doors witli 
their details; 7. Designs for Modern Windows, with their details, 
and for Villa Architecture. Tbe whole amply deseribed, fur the 
use of the Operative Carpenter and Builder. Firstly written and 
published by WILLIAM P.AIN. Secondly, with Modern Designs, 
and Improvements, by S. II. BROOKS, Arcliileot. 

In 1831 will be puhl'.shud a volume in 12mo, entitled 

A DIGEST OF PRICES of Works in Civil Engi- 

AA. ucering and Railway Engineering, Mechanical Engineering, 
Tools, Wrought and Cast Iron Works, Stone, Timber and Wire 
Works, and every kind of information that can be obtained and 
made useful in Estimating, Specifying, and Reporting. 



In 4to, 2s. fid. 

AIRY, ASTRONOMER ROYAL, F.RS., &c.— 

ResuUn of Experiments oq tbe Disturbance of the Compass 
in Iron-built Ships. 

In a sheet. 3^.^ in ease, 3s. 6<i. 

ANCIENT DOORWAYS AND WINDOWS 

(Examples oO* Arranged to illustrate the dlfft^rent styles of 
Gothic Architecture, from the C onquest to the Reformation. 

In 1 vol. imperial 4to, with 20 fine Plates, neatly half-bound in 
cloth, £1 5s. 

ANCIENT DOMESTIC ARCHITECTURE.— 

Principally selected from original 'drawings in tlie coUeotion 
of the late Sir William Burrell, Birf., with observations on the 
application of ancient architecture to the pictorial composition of 
modern edifices. 



The stained glass fac-simile. 4s. fid., in an extra case, or in a 
sheet, 3s. fid. 

ANGLICAN CHURCH ORNAMENT.— 

Wherein are figured the Saints of the English calendar, with 
their appropriate einblema; the different styles of stained glass; 
and various sacred symbols and ornnmenta used in churches, 

John Wcale, 69, High Holbom, London, W.C. 
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i\/IK. WEALE’S WOEKS ON ARCHITEC- 

-‘^’1 TURE, ENGINEERING, FINE ARTS, Ac. 

In 4to, Is. 6d. 

ARAGO, Mods. — Report on the Atmospheric 

^ Sy»tem, and ou the proposed Atmospheric Railway at Paris. 

In 4to, with about 500 Engravings, some of which are highly 
coloured, 4 vols., original copies, lialf>bound in morocco, £6 6s« 

ARCHITECTURAL PAPERS. 



2 Kngratings, in folio, useful to learners and for schools, 2s. 6d. 

architectural orders (FIVE) AND 

A their entablatures, drawn to a larger ecnle, with 

Figured Dimensions. 



ARNOLLET, 



4tO; Is. 

M. — Report ou his Atmospheric 

Railwav. 



In 4to, 10 Plates, 7.s. 6d. 

atmospheric RAILAVAYS. — THREE RE- 

PORTS on improved methods of Constructing and Working 
Atmospheric Railnays. By E. MALLET, C.E. 



In 8vo, Is. 6d. 

T) ARLOW, P. W. — Observations on the Niagara 

Railway Suspension Bridge. 



In Urge 4to, very neat half-morocco. 18s., with Engravings. 

DARRY, SIR CHARLES, R.A., &c. — 

Studies of Modem English Archifccture. By W. U. LEEDS ; 
The Travellers* Club-House, illustrated by Engravings of Plans, 
Sections, Elevations, and details. 



In 1 Vol., large 8vo, with coloured Plates, half-morocco, price £1 Is. 

DEWICK’S (J. G.) GEOLOGICAL TREATISE 

ON THE DISTRICT OF CLEVELAND IN NORTH 
YORKSHIRE, lt3 Femigitioits Deposits, Lias and Oolites; with 
some Observations on Ironstone Mining. 



In 8ro, with Plates. Price 4s. 

13INNS, W. S. — Work on Geometrical Drawing, 

embracing Practical Geome(r>*, including the use of Drawing 
InstrumentR, the construction and use of Scales, Oiihographlc Pro- 
jection, and Elementary Descriptive Geometry. 

In 4to, with 106 Illustrative Plates, cloth boards, £1 lls. 6d. 

B LASHFIELD, j. M., M. R. Inst., &c.— 

SELECTIONS OP VASES, STATUES, BUSTS, &c, from 
TERRA COTTAS. 



In 8vo, Woodents, Is. 

B LASHFIELD, J. M., M. R., Inst., &c.— 

ACCOUNT OF THE HISTORY AND MANUFACTURE 
OF ANCIENT AND MODERN TERRA COTTA. 



In 4to, 2s. 6d. 

T)ODMER, R., C.E. — On the Propulsion of Vessels 

by the Screw. 

I6». 

T) RIDGE. — A large magnificent Plate, 3 feet 6 

U inches by 2 feet, on a scale of 26 feet to an inch, of LONDON 
dIRIDQE ; containing Flan and Elevation. Engraved and elabo- 
rately finished. The Work of the RENNIES. 

John Weale, 69, High Holborn, London, W.C. 
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\TK. WEALE’S WOEKS ON ARCHITEC- 

TURK, ENGINERRING, FINE ARTS, &c. 



lOfl. 

T)RIDGE. — Plan and Elevation, on a scale of 

10 feet to an inch, of STAINES HIUDGB; a fine Engraving, 
The work of the RENNIES. 



In royal 8vo, with very elaborate Plates (folded), £l lOa. 

■D RIDGES, SUSPENSION. — An Account, 

with Illustrations, of the Snspension Bridge across the River 
Danube, by Wm. T. CLARK, F.R.S. 

In 4 vols., royal 8vn, bound in 3 vols., ha1f-n>orocco, price £4 IDs, 

BRIDGES. — THE THEORY, PRACTICE, 

JJ AND ARCHITECTURE OF BRIDGES OF STONE, IRON, 
TIMBER, AND WIRE; with Examples on the Principle oi Sus- 
pension; Illustrated by 138 Engravings and 92 Woodcuts. 

In one large 8vo volume, with explanatory Text, and 68 Plates 
comprising details and measured dimensions. Bound in half- 
morocco, uniform with the preceding work, price £2 lOs. 

■D RIDGES. — SUPPLEMENT TO “THE 

THEORY, PRACTICE, AND ARCHITECTURE OF 
BRIDGES OF STONE, IRON, TIMBER, WIRE, AND SUS- 
PENSION.” 



1 large folio Engraving, price 7s. 6d. 

TlRIDGE across the Thames. — SOUTH\YARK 

u IRON BRIDGE. 



1 large folio Engraving, price 6 h. 

TIRIDGE across the Thames. — WATERLOO 

STONE BRIDGE. 



1 very large Engraving, price 5s. 

T)RIDGE across the Thames. — VAUXHALL 

iron BRIDGE. 



1 very large Engraving, price 4s. 6d. 

T) RIDGE across the Thames. — HAMMERSMITH 

JJ SUSPENSION BRIDGE. 



1 large Engraving, price 4s. 6d. 

TiRTDGE (the UPPER SCHUYLKILL) .it 

PHILADELPHIA, the greatest known span of one" arch, 
covered. 

1 large Engravine. price 3s. 6d. 

TJRTDGE (the SCHUYLKILL) at PHILA- 

DELPHIA, covered. v. 



1 large Engraving, price 3s. 6d. 

T>RIDGE. — ON THE PRINCIPLE OF SUS- 

PENSION, by Sir I. BRUNEL, in the ISLAND OF 
BOURBON. 



1 large Engraving, price 4s. 

T) RIDGE. — PLAN and ELEVATION of the 

PATENT IRON BAR BRIDGE over the River Tweed, near 
Berwick . 

34 Plates, folio, £1 Is., boards. 

T)RIGDEN, R. — Interior Decorations, Details, 

"-r and Views of Sefton Church, Lincaslilre, erected lu the reign 
of Henry VIII. 

John Wealc, 69, High Holborn, London, AV.C. 
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\|E. WE ALE’S WORKS ON ARCHITEC- 

TURK, ENGINEERING, FINE ARTS, &c. 

1 Inrpre Engraving, price Ss. 6d. 

■DEITTON’S (John) VIEWS of the WEST 

FRONTS of 14 ENGLISH CATHEDRALS. 



1 Urge Erigraving in outline, price 2&. 6ti. 

TJEITTON’S (John) PERSPECTIVE VIEWS of 

J-> tlie INTERIOR of 14 CATHEDRALS. 



In 4to, 2s. 6d. 

TOEODIE, E., C.E. — Rules for Ranging Rail- 

way CiirveB, with the Theodolite, and without Tables. 

1 large Cograving, price 4s. 6d. 

TJROWN’S (Capt. S.) CHAIN PIER at Brighton, 

U with Dsteils. 

The Text in one large Tolume 6ro, and the Plates, upwards of 70 
in number, in an atlas folio volume, very neatly half-bound, 
£2 lOs. 

•DUCHANAN, R. — PRACTICAL ESSAYS 

-L> ON MILL WORK AND OTHER MACHINERY; with 
Examples of Tools of modem invention ; first published by 
ROBERT BUCHANAN, M.E. ; afterwards Improved and edited 
by THOMAS TREDGOLD, C.E. ; and re-edited, with the im- 
provements of the present age, by GEORGE RENNIE, F.R.S., 
C.E., &c., &c. The whole farming 70 Plates, and 103 Woodcuts. 
John Weale, 59, High Holborn, London, W.C. 



Text in royal 8vo, and Plates in imperial folio, 18s. 

TIUCHANAN, R. — SUPPLEMENT. — 

PRACTICAL E.VAMPLES ON MODERN TOOLS AND 
MACHINES; a Supplementary Volume to Mr. RENNIE’S 
edilirn of BUCHANAN “On Mill- Work and Other Machinery," 
by TREDGOLD. The work consists of 18 Plates. 



InSvo, wiih Plates, 2nd Edition, Is 6d. 

^URN, C., C.E. — On Tram and Horae Railways. 



In one volume, 4to, 21 Plate.s, half bound in morocco, £1 Is. 

T)URY, T., Architect. — Examples of Ancient 

EccUsiasMcal Woodwork. 



7s. 6d. 

CALCULATOR (THE) : Or, TIMBER MER- 

U' CHANT’S AND BUILDERS GUIDE. By WILLIAM 
RICHARDSON and CHARLES G ANE, of Wisbeach. 

In 8vo, Plates, cloth boards, 7s. 6d. 

fALVER, E. K., R.N.— THE CONSERVATION 

O' AND IMPROVEMENT OF TfDAL RIVERS. 

In 8vo. WoodcuU, Is 6d. 

pALVER, E.K., R.N.— ON THE CONSTRUC- 

U' TION AND PRINCIPLE OF A WAVE SCREEN, 
for tho Formation of Harbours of Refu;.'#. 

In 4^0, half-bound, price £1 6«. 

f’ARTER, OWEN B., Architect.— A SERIES 

OF THE ANCIENT PAINTED GLASS OF WINCHES- 
TER CA THEDR AL, E xamples rf. 28 Col uired Ill u strations. 

In 4to. 17 Plat -s, lialf-boimd, 7s. 6d. 

pARTER, OWEN B., Architect. —ACCOUNT 

CV OF THE CHURCH OF ST. JOHN THE BAPTIST, 
at Biahopst- ne, with Illustratiotis of its Architecture. 

.John Welle, 59, Higii Holboni, London, W.C. 
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\ylR. WEALE’S WOEKS ON ARCHITEC- 

IVJ- TUKE, ENGINEERING, FINE ARTS, Ac. 

In 4to, with 19 Engravings, £1 Is. 

pHATEAUNEUF, A. de, Architect. — Arcliitec- 

^ tnra Damestlca; a Series of very neat examples ol Interior.^ 
and Exteriors of residences in tbe Italian style. 

Large 4to, in half-red morocco, price £1 8s. 

pHIPPENDALE, INIGO JONES, JOHNSON, 

^ LOCK, and PETHER. — Old English and French Orna- 
ments : comprising 244 designs on 106 Flares of elaborate examples 
of Hall Olas.ses, Picture Frames, Chimney-pieces, Ceilings, Stands 
for China, Clock and Watch Cases, (iirandoleR, Brackets, Or ties, 
Lanterns, Ornamental Furniture, Ornamenfs for brass workers and 
sUrer workers, real ornamental ironwork Patterns, and for carvers, 
modellers, &c., &c., &c. 

4fo, third Edition with additions, price £1 11s. 6d. 

pLEGG, SAM., C.K.— A PRACTICAL TREA- 

V TISE ON THE MANUFACTURE AND DI8TKIUU- 
BUTION OF COAL GAS, Illnstrated by Engravings from Work- 
ing Drawings, with General Estimates. 



In 4to, Plates, and 76 Woodcuts, boards, price 6s. 

pLEGG, SAM., C.E.— ARCHITECTURE OF 

^ MACHINERY. An Essay on Propriety of Form and Pro- 
portion. For tbe use of Students and Schoolmasters. 

QOLBURNS, Z. — On Steam Boiler Explosions. 



One very large Engraving, price 4.s. 6d. 

pONEY’S (J.) Interior View of the Cathedral 

V/* Church of St. Paul. 



QOWPER, 



In 4to, on card board, la. 

C. — Hiagi’am of the Expansion of Steam. 



In (‘no v< 1. 4to, with 20 Folding Plates, price £1 Is. 

pROTON AQUEDUCT. — Description of the 

^ New York Croton Aqueduct, iu 20 large detailed and engi- 
neering explan^ry Plates, with text In tbe Engllsb» German, 
and French lanjvages, by T. SCHRAMKE, C.B. 



In demy 12mo, cloth, extra bound and lettered, price 4e. 

T)ENISON. — A Rudimentary Treatise on Clocks 

-L/ and Watches, and Bells ; with a full account of the Westmin- 
ster Clock and Bells, by EDMUND BECKET DENISON, M.A., 
Q.C, Fourth Edition re-written and enlarged, with Engravings. 

In royal 4to, cloth hoards, price £1 lls.6d. 

TtOWNES, CHARLES, Architect. — Great Exhi- 

-Lf billon Building. The Building erected In Hyde Park for 
the Great Exhibition, 1861 ; 28 large folding Platea, embracing 
Plans, Elevations, Sections, and Details, laid down to a large scale, 
and the Working and Measured Drawings. 



T\RAWING BOOKS. — Showing to Students the 

superior method of Drawing and Shadowing, 



D rawing book. — cours elemen- 

TAIRES DE LAVIS APPHQUP: A L’ARCHITECTURE; 
folio volume, containing ^Lelaborately engraved Plates, in shadows 
and tints, very finely ezeORed, by the best artists In France. £2. 
Paris. 

John Wcale, 69, High Holborn, London, W.C. 
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ll/IK. WEALE’S WOEKS ON AECHITEC- 

-l-V-l- TUKE, ENOTNKERINO, F I N K ARTS, 4c. 

D kawing book,— couks ElKmen- 

TAIRE3 DE LAVIS APPLIQUE A MfiCHANIQUE) 
folio Tolume, containing 60 elaborately engraved Plates, in ehadaws 
• and tints, very finely executed, by Uie best artists in France. 
£2 10s. Paris. 

TAKAWING BOOK. — CODES KlEMEN- 

TAIRES DE LAVIS APPLIQUE A ORNEMENTA- 
TION ; fulio volume, containing 20 elaborately engraved Plates, in 
shadows and tints, very finely executed, by the best artists in 
I France. £1. Paiis. 

EAWING B^dKa— £TUDE3 PROGIES- 

SIVES ET COMPLETES D’ ARCHITECTURE DE 
LAVIS, par J. U. TRITON ; large folio, 24 fine Plates, compriBing 
the Oi'ders of Architecture, mouidings, with profiles, ornameDts, 
and forms of their proportion, art of shadowing doors, balusters, 
parterres, <&c., &c. £1 4s. Paris. 

In 12mo, cloth boards, lettoreJ, price 6s. 

E ckstein, G. F. — a Practical Treatise on 

Chimneys ; with remarks on Stjves, the consnmption of 
Smoke and Coal, Ventilation, &c. 

Plates, imperial 8vo, price 7s. 

■TLLET, CHAELES, C. E., of the U. S.— Eeport 

on the Improvement of Kanawha, and incidentally of the 
Ohio River, by moans i f Artifiotal Lak«“. 

In 8vo, with Plates, price 12s. 

E xamples of cheap Eallway Making, 

American and Belgian. 

In one vol. 4to, 49 Plates, with dimensions, extra cloth boards, 
price 21s. 

E xamples for BuiWers, Carpenters, and 
Joiners; being welhselected lllUBtrAtlons of recent Modem 
Art ftnd Construct ion. 

With Engravings atid Woodcuts, price 12s. 

■p'KOME, Lieutenant-Colonel, B.E. — Outline of 

•A the Method of condnctiiig a Trigo' ometrical Survey, for the 
Formation of Topographical Plans; and Inslrumions for filling in 
the Interior Uelail, both by Measurement and Sketcldng; Military 
Reconnaissances, Levelling, &c., &c., together with Colonial Sur- 
veying. < 

In 4to, with Plates, price 7s. 6d. 

T? A I K B A I K N, W., C.E., F.E.S. — ON 

^ A- WATER-WHEELS, WIT H VENTILATED BUCKET S. 

In royal 8vo, with Plates and Woodents, .'eeond Edition, mnch 
improved, piice, in extra cloth board!*, 16s. ' 

Ij’AIEBAIEN, W., C.E., F.E.S.— ON THE 

A APPLICATION OF CAST AND WROUGHT IRON TO 
BUILDING PURPOSES 



In imperial Svo, with fine l*l.xtes, a re-issne, price 16s., or 21s. in 
hal^nrororco, gilt edges, 

T’EEGUSSON’S (J.) Essay on the Ancient Topo- 

J- gmphy of Jerusalem, with restored Plans of the Temple, &c. 
In 8vo, sewed in wrapper, prire 2s. 

niLL, J. — ESSAY ON THE THEEMO.DY- 

AJ NA.MICS OF ELASTIC FLWD3, by JOStPH GILL, 
with Diagrams. 

John Weale, 69, High Ilolbom, larndon, W.C. 
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M®- 



WEALE'S WORKS ON ARCHITEC- 

TURK. ENGINEERING, FINE ARTS, &c. 
Piateij’Svo, board-i, 6s. 

PWILT, JOSEPH, Architect.— TREATISE ON 

VJ the equilibrium of arches. 

In 8vo, cloth boards, with 8 Plates, 4s. 6d. 

XJAKEWELIj, S. J. — Elizabethan Architecture ; 

■n. illustrated by paraUcls of D orton II)U9e, Hatfield, TiOn."- 
le , and Wollaton, in England, and the Falazz) Della Oanoellaria 
at Rome. 



8vi>, with a Map. is. 

XTAMILTON, P. S., Barrister-at-Law, Halifax 
Nova Scotia — Nova Scotia conaideretl as a Field for Emi- 
gration. 

In imperial 8vo, Third Editiou, with additions, 11 Plates, cloth 
.’boards, S-*. 

U ART, J., On Oblique Bridges. — A Practical 

n. Treatise on the Construction of Oblique Arche?*. 

In 4to, with Woodcuts, as. Od. 

UEALD, GEORGE, C.E. — System of Setting Out 

AX R ailway Curv es, 

Royal 8vo, Plates and WooJeuts, price 12s. 6i, 

TTEDLEY, JOHN. — Practical Treatise on the 

Working and Ventilation of Coal Mines, with Suggestions 
for Improvements in Mining, 

Two Vols., demy 12mo, in cloth extra boards and lettered, price 
12a. 6d. 

U OMER. — The Iliad and Odyssey, with the 

XX Hymns of Homer, Edition with an accession of English notes 
by the Rev. T. II. h. LEAKY. M.A. 

In 3vo, with EnKravings, cloth boards. Third Edition, 10s, 6d. 

IJOPKINSON, JOSEPH, C.E.— The Working of 

XX the Steam Engine Explained bv the nse of the Indicator. • 
lu bvo, in boartls, itsa. 

H UNTINGTON, J. B., C.E. — TABLES and 

RULES for FacilUating the Calculat’on of Earthwork, Land, 
Curves, Distances, and Gradients, required in the Formation of 
Railways. R>mdH. and Canals. 

Si'parate from the above, pi ice 3s. 

HUNTINGTON, J. B„ C.E. — THE TABLES 

, OF GRADIENTS. 

10 Plates, 8vo, bound, 6s, 

TNIGO JONES. — Designs for Chimney Glasses 

X and Chimney Pieces of the Time of Charles tlm 1st. 

In a sheet. 2^. 

TRISH. — Plantation and British Statute Measure 

X (comparative Table of), so that English Measure can be trans- 
ferred into Iri«h, and vice 

In 4to, with 8 Engravings, in a wrapper, 6s. 

7 RON. — ACCOUNT OF THE CONSTRUC- 

X TION OF THE IRON ROOF OF THE NEW HOUSES 
OF PARLIAMENT, with elaborate Engravings of details. 

Inlmpirial 4to, with 60 Engravings, and 2 fine Woodcuts, half- 
bfuind in morocco, £1 4s. 

IRON.— DESIGNS OF ORNAMENTAL 

a GATES, LODGES, PALISADING, AND IRON-WORK OF 
THE ROYAL PARKS, wifh aom^ other Designs. 

John Wea'.e, 59, High Uolborn, London, W.C. 
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MR- 



WEALE’S WORKS ON ARCHITEC- 

TUKE, ENGINEERING, FINE AR I S, &c. 



In Ito, with 10 Plates. 12s. 

T EBB’S, Colouel, Modern Piisons. — Their Con- 

stniction and Ventiiation. 



. In 3 vols. 8vo, with 26 elaborate Plates, cloth boirds, £2 2s. 

TONES, Major-Gen. Sir John, Bart. — Journal 

^ of the Sieges carried on by the Army under the Duke of Wel- 
lington in Spain, between the years 1811 end 1814, with an Account 
of the Lines of Torres Vedraa. By aMajor-Geu. Sir JOHN T. 
JONES. Bart, K.C.B. Third Edition, enlarged and edited by 
Lieut. wQenHral Sir IIAKRY D. JONES, Bart. 

16mo, cloth boards, 2a. 6d. 

VENNEDY AND HACK WOOD’S Tables for 

Setting out Curves. 



T/n’oWLES, JOHN, F.R.S.- 

-aV Practice of Naval Architecture; 



In 4to, 37 Plates, half.cl<>th boards, 9s. 

TJING, THOMAS. — The Upholsterer’s Guide; 

Aw Rules f or C uttin g end Forming Draperies, VeUnces. &c. 

Illustrated by large Dreughte and Engravings. In 1 volume 4to, 
text, and a l^rge atlM lojio vo^me of Plates, liRlf-bound, £6 6s. 

, — Elements and 
or, A TresUse on Ship 
Building, theoretical and practical, on the best principles established 
In Great Britain; with copious Tables of Dimensions, Scantlings, 
<&c. The Third Edition, with an Appendix, conlauiing the princi- 
ples of constructing the Royal and Mercantile Navies, by Sir 

R OBERT SEPPINGS. 

41 Plates of a due und an elaborate descripiiun in lar,ie atlas folio 
half-bound, £2 12s. 6<i. : with the text half-bonnd in 4to. 

T OCOMOTIVE ENGINES. — The Principles 

and Practice and Explanation of the Machinery of Locomotive 
Engines in op^rMti^n. 

In 12mo, beared. Is. 

Rev. ROBERT. — An Account of the 

Obsnr^’AtorleR in and about London. 



main, 



4tn, in boards, 16s. 

IIJANUFACTURES AND MACHINERY. — 

ItA Progress of, in Grr^at Britain, as exhibited chiefly in Chrono- 
logical notices ot some Letters Patent granted for Inventions and 
Improvements, from theearlipst times to the reign of Queen Anne. 
16mo, 2s. 6d. 

"VT AY, R. C., C.E. — Method of setting out Railway 

Curves. 

Imperial 4(o, wiih fine 1 llustrations, extra cloth boards, £1 5s., or 
half-bound in morocco, £1 11a 6d. 

IVfETHVEN, CAPTAIN EGBERT.— THE LOG 

OF A MERCHANT OFFICER, Viewed with Reference 
to the Education of Young Officer-i and the Youth of the Mer- 
chant Service. By ROBERT METUVEN, Commander in the 
Peninsular and Oriental Company’s Service. 

In roybl 8vo, Is. 6d. 

TtlETHVEN, CAPTAIN ROBERT.— NARRA- 

iVl TIVES WRITTEN BY SEA COMMANDERS, ILLUS- 
TRATIVE OF THE LAW OF STORMS. The “Blenheim” 
l!iirric-»n© of 1861. with DiagramB. 

Part 1, large 8vo, 6s. Part 2, in preparation. 

M urray, JOHN, C.E. — a Treatise on the 

Stability of Retaining Walls, elucidated by Engravings and 
iViRgrams. 

John Weale, 69, High Holboni, London, W.C. 
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1V4K. WEALE’S WORKS ON ARCHITEC- 

iVJ- TUKE, ENGINEERING, FINE ARTS, &c. 



On a lar^e folio sheet; price 2.s. 6d. 

■lOEVILLE, JOHN, C.E., M.R.I.A. — OFFICE 

-I’ HYDRAULIC TABLES: for the use of Engliioere engaged 
in Water Worka, giving the Discharge and Dlmeusious of River 
Channels and Pipes. ^ 

In Svo, Second and much Improved Edition, with an Appendix, 
cloth boards, price 16s. 

VTEVILLE, JOHN, C.E., M.R.I.A.— HY- 

I’l DRAULIC TABLES, COEFFICIENTS, AND FORMUL.®; 
for Finding tnc Discharge of Water from Ori&ceSf Notches, Weirs, 
Pipes, and Rivers, with Extensive Additions, New Formulse, Tables, 
and General Information on Rain-Fall Catchment-Basins, Drainage, 
Sewernge, Water Supply for Towns and Mill Power, 

Uii 33 folio Plates, 12s. 

O RNAMENTS. — Ornaments displayed on a 

full size for Working, proper for all Carvers, Painters, &c., 
containing a vaiicty of accurate e-xamples of foliage and friezes. 



Plates, Svo, Us. Gd. 

r VBRIEN’S, W., C.E. — Prize Essay on Canals 

^ and Canal Conveyance. 

In demy Svo, cloth, boards, 12s, • 

pAMBOUR, COUNT DE. — STEAM 

ENGINE; the Theory of the Proportions of Steam Engines, 
and a heries of practical formula. 



In 8vo, cloth, boards, with Plates, a second edition, 18s. 

A PRACl'lCAL TREATISE ON LOCOMO- 

•HI TIVE ENGINES UPON RAILWAYS. — With practical 
Tables and an Appendix, showing the expense of conveying Goftdtv 
by means of Locomotives on Railroads. By COUNT F. M.%. 
DE PAMBOUR. 



4to, 72 finely executed Plates, in cloth, £1 16s. 

PARKER, CHARLES, Architect, F.I.B.A. — 

The Rural and Villa Architecture of Italy, portraying the 
several very interesting examples in tuat country, with Estimates 
and Specifications for the applicatiun of the same designs in Eng- 
land; selected horn buildings and scenes in the vicinity of Rome 
and Florence, and arranged for Rural and Domestic Buildings gene- 
rally/ 



Price, complete, £2 2s. In 4(o. 

POLE, WILLIAM, M. Inst., C. E. — COE- 

-L NISH PUMPING ENGINE; designed and constructed at 
the Hayle Copper House in Uornwall, under the superintendence 
of CAPTAIN JENKINS; erected and now on duty at the Coal 
Mines ot Lauguin, Department of the Loire InRrieur, Nantes. 
Nine elaborate Drawings, historically and scientifically described. 

With Plate. iOs. 6d. 

an ANALYTICAL INVESTIGATION OF 

AA THE ACTION OF THE CORNISH PUMPING ENGINE. 
— This Third Part s^Id separately from above. 



28s. bound in 4to size. 

PORTFOLIO OF ENGINEERING ENGRAY- 

INGS.- Useful to Students as a Text Book, or a Drawing 
Book of Eugineciing and Meclianics ; being a series of Practical 
Examples in Civil, Uydianiic, and Mechanical Engineering. Fifty 
Engravings to a scale for drawing. 

John Weale, 69, High Ilolbom, London, W.C. 
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TI/IR. WE ALE’S WORKS ON ARCHITEC- 

JLU TUKK, ENGINEERING, FINE ARTS, &c. 

BO Pl*t*>8, 28 h.. boards. 

PORTFOLIO OF GREEK ARCHITECTURE. 

— Or, Dilettanti Dr^twing Book ; Architectural Engravings, 
with descr ptive Text. Being adapted as studies of the Ihtst 
Classic Models in the Grecian style of Architecture. 

50 lUates, £1 6s., bound. 

PORTFOLIO OR DRAWING BOOK OF 

-t GOTHIC CHURCH ARCIIITECTURE.-Of the periods 
of the 14!h, IBtli, and 16th eenturiea. Useful to Architects, 
Builders, and Students. 

25 Plates, folio. 25s. 

PORTFOLIO OF ARCHAEOLOGICAL COL- 

LEGTIONS.*— Of curious, interesting, and oroamcntal sub« 
jects and patterns f >r stained glass windotrs, from York. 



18 Plates, lOs. 6d. Small folio. 

P ORTFOLIO OF ANCIENT CAPITAL 

LETTERS, MONOGRAMS, QUAINT DESIGNS, &c. — 
Beautifully Coloured and Ornamented. 



153 PlahiS, folio, half-bound in morocco, very neat, £4 4s. 

PUBLIC WORKS OF GREAT BRITAIN.— 

■L ConsUting of Kailvrays, Rails, Chairs, Blocks, Cuttings, 
Embankments, Tunnels, Oblique Arches, Viaducts, Bridges, Sta- 
tions, Locomotire Engines, &c. ; Cast-Iron Bridges, Iron and Gas 
Works, Canals, Lock-gates, Centering, Masonry and Brickwork 
for Canal Tunnels ; Canal Boats : the London and Liverpool 
Docks, Plans and Dimensions, D 'ck gales, Walls, Quays, and 
their Masonry; Mooring-Chains ; Plan of the Harbour and Port 
of London, and other important Engineering Works, with Descrip- 
tiona and S pecifications. 

In two Parts, Imperial folio. 

PUBLIC WORKS OF THE UNITED STATES 

•A OF AMERICA. 

And the text in an 8vo Volume, price together £2 &i. 

PEPORTS, SPECIFICATIONS, AND ESTI- 

MATES OF PUBLIC WORKS OP THE UNITED 
STATES OF AMERICA; explanatory of the Atlas Folio of 
Detailed Engravings, elucidating practically these important En- 
gineering Works. The Plates are Engraved in the best style. 



Imperial 8vo, 60 Engravings, £1 5s. 

PAPERS AND PRACTICAL ILLUSTRA- 

TIONS OP PUBLIC WORKS OP RECENT CONSTRUC- 
TION— BOTH BRITISH AND AMERICAN. Snpplemetilar)’ to 
previous Pnbllcatlnns, and containing ail tlie details of the Niagara 
Sespeiraion Bridge. 

U.lf-bound in mnmeen, finely coloured Plates, price £3 Ss. 

pAWLINSON’S, ROBERT, C.E. — Designs for 

Factory, Furnace, and other Tall Chimney ShafiH. Tall 
chimneya are necevaary for purposes of Trade and MaBiifactures. 
They are required for Fi«ctorie«, for Foundries, for Gas Works, for 
Chemical Works, for B.tthe and Wash-houses, and for many other 
purposes. 

Tbinl Edition, in royal 8to, boards, with 13 Charta, Ac., 12s. 

pEID, Major-General Sir W., F.R.S., &c. — AN 

1.L i,.xTEMPT TO DEVELOP THE LAW OF STORMS 
by means of facts arranged according to place and time ; and hence 
to point out a cause fur the variable winds, with a view to practical 
use in navlgatiun. 

Jolin Weale, 69, High Holbom, London, W.C. 
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1UR WEALE’S WORKS ON ARCHITEO- 
IVl tuke, engineering, fine arts, &c. 



la royal 8vo, uniform witli the preceding, 9s., with Cliarts and 
Woodcuts. The work together in 2 vote., £1 la. 

■pEID, Major-General Sir W., F.R.S., &c. — 

-tv the progress of the development of the 

LAW OF STORMS AND OF THE VARIABLE WINDS, with 
ibe practicable application of the subject to navigation. 

Illustrated with 17 Plates, Tbii'd Edition, 8vo, cloth, 7s. 6J. 

■piCHARDSON, C. J., Architect. — A Popular 

-tv Treatise on the Warming and Ventilation of Buildings; 
showing the advantage of tbe improved system of Heated Water 
Circulation. And a method to effect tbe combination of large and 
small pipes to the same apparatus and vontilatiiier buildings. 

Bntind in 2 vid.4., very neat, half-morocco, gilt tops, price £18. 

R ENNIE’S, Sir JOHN, F.R.S., Work on 

the Theory, Formation, and Oonetruc'ion of British and 
Foreign Harbours, Docks, and Naval Arsenals. This great work 
may now be had complete, 20 parts and supplement, price £16. 



J^EVY, 



In bvo, 2s. 

. L., C.E. — The Progressivb Screw 

A8 A PftoPSt^taER IN Navigation. 



12mn, cloth boards, 3s. 6d. 

S I M M S, F. W. — Treatise on the principal 

Mathematical and Drawing Instniments employed by the 
Engineer, Architect, and Surveyor; with a description of the Theo- 
dolite, together with Instructions in Field Works. 



4to, with fine Plates, a New Edition, extended, sewed, 5s. 

OMITH, C. II., Sculptor. — Report and Investiga- 

^ tion iuto the Qualificitions and Fitness of Stone for Building 
Purposee. 

In 1 vol. 8vo, in boards, 7s. fid. 

CMITH’S, Colonel of the Madras Engineers, 

Observations on the Duties and ResponsibiUties Involved in 
the Management of Mines. 

8vo, cloth boards, with Index Map, 5s. 

OOPWITH, THOMAS, F.R.S. — THE 

kJ award of the dean forest commissioners 

AS TO THE COAL AND IRON MINES. 

10 large folio Plates, £t 4s. Separately, 2.s. each. 

OOP WITH, THOMAS, F.R.S.— SERIES 

OF ENGRAVED PLANS OF THE COAL AND IRON 
MINES. 

12 Plates; 4to, 6s. in a wrapper. 

OTAIRCASES, HANDRAILS, BALUSTRADES, 

AND NEWELS OF THE ELIZABETHAN AGE, &e.— 
Coneisting of — 1. Staircase at Audley-end Old Manor House, 
Witta; 2. Charlton House, Kent; 3. Great Ellingham Hall, Nor- 
folk; 4 . Dorfold, Cheshire; 5. Cliarterhouse; 6. Oak Staircase at 
Clare Hall, Cambridge; 7. Cromwell Hall, Higiigate; 8. Ditto; 9. 
Catherine Hall, Cambridge; 10. Staircase by Inigo Jones at a 
bonae In Chaodos Street ; 11. Ditto at East Sutton ; 12. Ditto, ditto. 
Usefnl to those constructing edifices in the early English domestic 
style. 

Large atlas folio Plates, price £2 2s. 

CTALKARTT, M., N.A. — Naval Architecture ; 

^ or, The Rudiments and Rules of Ship Building: exemplified 
in a Series of Draughts and Plans. No text. 

John Weale, 69, High Htdboro, London, W.G. 
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IVIK. WEALE’S WORKS ON ARCHITEC- 

-WJ- TUKE, ENGINEERING, FINE ARTS, Ac. 



With Illustrative Diagrams. In Svo, 7s. 8d. 

OTEVENSON’S, THOMAS, C.E., of Edinburgh, 

^ Description of the Different kinds of Licrhchonse Apparatus. 



Svo, 2s, 6d. 

OTEVENSON, DAVID, C.E., of Edinburgh.— 

^ Supplement to his Work on Tidal Rivers. 



Text in 4to, and large folio Atlas of 75 Plates, half-cloth boards, 
£2 12s. 6d. 

OTEAM NAVIGATION. — Vessels of Iron and 

Wood ; the Steam Engine ; and on Screw Propulsion. By 
WM. FAIRBAIRN, F.R.S., of Manchester; Messrs. FORRESTER, 
M.I.C.E., of Liverpool; JOHN LAIRD, M.I.C.E., of Birkenhead; 
OLIVER LANG, (late) of Woolwich; Messrs. SEAWARD, Lime- 
honse, &c. &c. Stc. Together with Results of Experiments on the 
Disturbance of the Compass in Iron-built Ships. By G. B. AIRY, 
M.A., Astronomer Royal. 



lOs. 

CT. PAUL’S CATHEDRAL, LONDON, SEC- 

^ TION OF. — The Original Splendid Engraving by J. 
GWYN, J. WALE, decorated agreeably to the original intention 
of Sir Christopher Wren ; a very fine large print, showing diulinctly 
the ^instruction of that magnificent edifice. 

bize of Plate 4^ feet in height, lOs. 

OT. PAUL’S CATHEDRAL, LONDON, GREAT 

U PLAN.— J. WALE and J. GWYN’S GREAT PLAN, 
accurately measured from the Building, with ail the Dimensions 
figured and in detail, description of Compartments by engraved 
Writing. 

Secoud Edition, greatly enlarged, royal Svo, with Plates, cloth 
boards, price 16s. 

CTRENGTH OF MATERIALS.— FAIRBAIRN, 

^ WILLIAM, C.E., F.R.S., and of the Legion of Honour of 
France. On the application of Cast and Wrought Iron to Building 
Purposes. 

With Plates aud Diagrams. New Edition. The work complete 
in 2 vols., bound in 1 vol., price, in cloth boards, 16°. The 
second portiun of the work, containing Mr. Uodgkluson’s Experi- 
mental Researches, may be had separatelv, price 9s. 

S TRENGTH OF MATERIALS.— HODGKIN- 

SON, EATON, F.R.8., AND THOMAS TREDGOLD, 
C.E. A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS; intended for the assistance of 
engineers, ironmasters, millwrights, architects, founders, smiths 
and others engaged in the construction of machines, tuildlngs, &c’ 
By EATON HODGKINSON, F.R.8. 



To be published in 1861, in crown Svo. bound for use. 

CTRENGTH OF MATERIALS.— POLE, WIL- 

^ LIAM, C £.. FH.S. — Tables aud popular explauatious of 
the Strength of Materials, of Wrought and Cast Iron with other 
metals, for structural purposes; developing in a systematic form,, 
the strengths, bearings, weights, and forms of these materials, whe- 
ther used as girders or arches, for the construction of bridges and 
viaducts, public buildings, domestic mansions, private buildings,, 
columns or pillars, hressummiers for warehouses, shops, working 
and manufacturing factories, &c. &c. The whole rendered of 
easy reference f»r architects, builders, civil and mechanical eugi« 
neers, millwrights, iroufounders, &c, &c. &c., and forming Keady 
Aeckoner or Calculator. 

John Weale, 59, High Holhom, London, W.O. 
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MR. WEAIiK’S WORKS ON ARCHITEC- 

TUKB, ENGIN KE RING, FINE ART S, 

30 very elaborately diawii Engravingx. In Urge 4to, neatly balf- 
bound ai d lefeiud, £1 Is. A few copies on large imperial size, 
extra half-binding. £1 lls. 6d. 

^j’EMPLE CHURCH. — The Architectural History 

•*- and Architectural Ornaments, Embelliubmonte, and Painted 
Glass, of the Temple Church, London. 



r art I, with 26 Engravings on Wood and Copper, in cloth boards, 
4to, 15s. 

^THAMES TUNNEL. — A Memoir of the several 

^ Operations and the Construction of the Thames Tunnel, from 
Papers by the late Sir ISA.UBARD BltUNEL, F.R.3., Civil 
Engineer. 



Fourth Edition, with a Supplementary Addition, large 8vo, 12s. 6d. 

M'HOMAS (LYNALL), F.R.S.L.— Rifled Ordnance. 

— A Practical Treatise on the Application of the Principle 
t>f the Ride to Guns and Moi tars of every calibre ; to which iu 
added a New Theory of the Initial Action and Force of Fixed 
Gunpowder plates. 



In 4to, complete, cloth, Vol. I., with Engravings, £l ICs.; Vol. II., 
ditto, £1 8s.; Vol. III., ditto, £2 12s. 6d. 

ffRANSACTIONS OF THE INSTITUTION 

OF CIVIL ENGINEERS. 



8 vols., numerous Engravings of Sections of Coal Mines, &c., large 
folding Plates, several of abich are coloured, In large 8vo, half- 
bound in calf, price £1 la. per volume. 

TRANSACTIONS OF THE NORTH OF 

-L ENGLAND INSTITUTE OP MINING ENGINEERS.— 
Commencing in 1852, and coritiiiued to 1860. 



A New Edition revised by the translator, and with additional Plates, 
In demy 12mo, India proof Plates and Vignettes, half-bound in 
morocco, gilt tops, price 12s. Only 25 printed on India paper. 

"yiTRUVIUS. — Tlie .Architecture of Marcus 

• Vitruvius Pollio in 10 IJnoks. Translated from the Latin by 
JOSEPH GWILT, F.S.A., F.R.A.S. 



In 4to, with Plates, 7s. 6d. 

"IMALKER’S, THOMAS, Architect. — Account 

' » of the Church at Stoke Golding. 



£l 10s. 

\/l7E ALE’S QUARTERLY PAPERS ON EN- 

»» GINEKKINU. — Vol. VI. (Parts 11 and 12 completiiiR • 
the work.) Compiisinif, “On the Principles of Water Power,” 
VlateH. Experiments on Locomotive En;?inc3. Coloured Plates. 

On Naval Ars« nals. On the Mode of Forming Foundations under 
water and on bad ground. Plates. On the Improvement of the 
Kiver Medway and of the Fort and Arsenal of Chatham. On the 
Improvement of Portsmouth Harbour. An Analysis of the Comish 
Pumping. Plates. On Water Wheels. Plates. 



Text in 8vo. cloth hoards, and Plates in atlas folio, in cloth, 16s. 

W HITE’S, THOMAS, N.A., Theory aud Prac- 

tice of Ship Building. 



In 8vo. with a large Sectional Plate, Is. 6d. 

W H I C H C 0 R D, JOHN, Architect. — 

OBSERVATIONS ON KENTISH RAG STONE AS A 
BUILDING ‘MATERIAL. 

John Weale, 69, High Ilolborn, London, W.C. 
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1/IR. WEALE’S WORKS ON ARCHITEC- 

TURE, ENQINEERING FINE ART3, &e. 



4to, coloured Ploteg, in h«lf-morocco, 7s 6J. 

W HTCHCORD, JOHN, Architect.— HIS- 
TORY AND ANTIQUITIES OF THE COLLEGIATE 
CHURCH OF ALL SAINTS, MAIDSTONE. 



In 4to, 6». 

WICKSTEED, THOMAS, C.E. — AN EXPE- 

** EIMENTAL INQUIRY CONCERNING THE RELA- 
TIVE POWER OF, AND USEFUL EFFECT PRODUCED 
BY, THE CORNISH AND BOULTON & WATT PUMPING 
ENGINES, and Cylindrical and Waggon-Head Boilers. 



In 8vo, Is. 

WICKSTEED, THOMAS, C.E. — FURTHER 

•' ELUCIDATION OF THE USEFUL EFFECTS OF 
CORNISH PUMPING ENGINES; showing the average work- 
ing for long periods, &c., Ac., &c. 



£2 2s. 

W ICKSTEED, THOMAS, C.E. — THE 

ELABORATELY ENGRAVED ILLUSTRATIONS OF 
THE CORNISH .\ND BOULTON & WATT ENGINES erected 
at the East London Water Works, Old Ford. Eight large atlas 
folio very fine line engravings by GLADWIN, from elaborate 
drawings made expressly by Mr. WICKSTEED; folio, together 
witli a 4to explanation of tlie plates, containing an engraving, by 
LOWRY, of Harvey and West’s patent pump- valve, with speci- 
fication. 



With nnmerona Woodcuts. 

WILLIAMS, C. WYE, Esq., M. Inst. C. E.— 

THE COMBUSTION OF COAL AND THE PREVEN- 
TION OF SMOKE, chemically and practically considered. 



Imperial 8vo, with a Portrait, 2). 6d. 

WHiLIAMS, O. WYE, Esq, M. Inst. C. E. — 

»» PRIZE ESSAY ON THE PREVENTION OF THE 
SMOKE NUISANCE, with a fine portrait of the Author. 



With 3 Plates, containing 51 figures, 4to, 6s. 

WILLIS, REV. PROFESSOR, M.A.— A 

system of Apparatns for the use of Lecturers and Experi- 
menters in Mechanical Philosophy. 



In 4to, bound, with 26 large plates and 17 woodcuts, 12s. 

, WILME’S manuals. — A MANUAL OF 

»” WRITING AND PRINTING CHARACTERS, both 
ancient and modem. 



Maps and Plans, In 4to, plates colonred, half-bound morocco, £2. 

WILME’S MANUALS. — A HANDBOOK 

» » • FOR MAPPING, ENGINEERING, AND ARCHITEC- 
TURAL DRAWING^ 



Three Vols., large 8vo, £3. 

WOOLWICH. — COURSE OF MATHEMA- 

TICS. This ennrse is essential to all Students destined 
forthe Royal Military Academy at Woolwich. 



8vo, Is. 

VULE, MAJOR-GENERAL.— ON BREAK- 

-»■ WATERS AND BUOYS of VERTICAL FLOATS. 

John Weale, 59, High Holbom, London, W.C. 
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T70RE1GN WORKS, KEPT IN STOCK AS 

A FOLLOWS 



Large folio, 32 plates, some coloured, and 12 troodeuts, 50 francs. 
£2 lOfi. 

AECHITECTURE SUISSR— Ou Clioix tie Mai- 

Bona RuatiqiiPa des Alpes du Canton de Berne, par GKAF- 
FINRIED et STORLER, Arohltectea. Berne, 1844. 

Small folio, 62 most interesting and explanatory plates of Public 
Works, Bridges, Iron Works, &c., Ac, &c., very neatly half- 
bound in morocco, £1 lOi. 

"DAUERNFETND, CARL MAX.— VORLEGE- 

BLAETTER ZUR BRUCKENBAli KUXDE. Mlinchen. 
Lar^ foHo, 36 plates of capHals, 12s. 

j^YZANTINISCHE CAPITAELER— Munchen. 



Second edition, 126 plates, large folio, best Paris edition, 100 f., 
printed on flue paper, lialf-cloth boards, £4 4s. 

pALLIAT, VICTOR, ARCT.— Paralldle des Mai- 

sons do Paris, constriiites depuis 1830 j iisqu’k nos jours. — 1867. 



Large folio, 60 francs, 60 plates, and several vignettes, £2 8s. 

^ANiiTO, F. — Sainte-Mari6 d’Auch. Atlas Mono- 

^ graphique de Cette Cath^drale. The Plates consist principally 
of outline drawings of the Painted Glass Windows in this Cathe> 
dral. 



120 plates, elegant in half-morocco extra, interleaved, £5 16s. 6d. 

pASTEEMAN, A. — PARALiiLE ties MAT- 

^ SONS de BRUXELLES et des PRINCIPALES VILLES de 
la BELGIQUE, constmites depuis 1830 jusqu’h nos jours, repre* 
sent^B en plans, didvatlons, coupes et details intericura et exUlrieurs. 
—Paris. 



Small folio, 48 plates of edih''f>H. £1 Is. 

T^EGEN, L. — LES CONSTRUCTIONS EN 

BRIQUES, eompos6es et pnblidea. 8 livraisons. — 1868. 



Small folio, 48 plates of houses, parts of houses, details of all kinds 
of singularly beautiful woodwork, coloured plates in Imitation of 
tlie objects given, £1 la. 

TVEGEN, L.— LES CONSTRUCTIONS ORNA- 

-L' MENTALES EN BOIS, 8 livraisons. 



In 3 very large folio parts, 85 fine plates. £1 lls. 6d. 

^AERTNER, F. V. — The splendid works of M. 

GAERTNER of Munich, drawn lo a very large sine, con- 
sisting of the library lo plans, elevations, interiors, details, and 
sections, and coloured ornaments. The chorch, with details, orna- 
ments, dec. — Milrichen. 



Small folio, 86 fine plates of the Architecture, ornament, and detail 
of the bonnes and churches of Germany during the middle age, 
very neatly half-bonnd in morocco, £2 12s. 6d. 

^ ALLE N BACH, C. C. — Chronologic der Deutsch- 

Mittelaltcrilchen Baukiinst. — MUnchen. Fine 1%>rk. 

The works of the great master KLENZIE of Munich, in 6 parts 
very large folio, 60 plates of elevations, plans, scctiona, details 
and ornaments of his public and private buildings executed in 
Munich and 8t. Petersburg, £2 2s. 

TTLENZE, LEO VON. — Sammlung Arthitec- 

aV toniKher EntwUrfe, fur die AusfUhning bestimmt Oder wiric- 

lich ausgofUhrt. Publinhed in Munich. 

John Weale, 69, liigh Holborn, London, W.C. 
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L-OREIGN WORKS KEPT IN STOCK AS 

-*•. FOLLOWS:— 



Upir«rds ot 100 platex, large 4 tn, £i 12s. 6d. 

pETlT, VICTOR.— CHATEAUX DE FRANCE. 

^ Architecture Pittoresque, ou Monuments des quinzleme et 
seizt^rne sieclftfl. Paris. 



Livraisons 1 h IS, very finely executed plates, large imperial folio, 
£5 8s. 

fHATEAUX DE LA VALLKE DE LA 

^ LOIRE DES XV, XVI, ET COMMENCEMENT DU XVII 
SIECLE.— Paris, 1857 —60. 

4to, 96 platas, 72f. ; £2 lOs. 

IDECUEIL DE SCULPTURES GOTHIQUE.— 

Dessinees ct graveds h Teau forte d’aprds les plus beaux monu- 
ments construits en France depuis le onzidme juaqii’au quinzidroe 
Bidcle, par ADAMS, Inapecteur des travaux do la Salute Chapelle. 
Paris. 1856. 

4 parts are published, price 14s. 

BAMfeE,— HISTOIRE GENERALE DE L’AR- 

CHITECTURE. L’lli^iolre gon^rale de I’Aichitecture, par 
DANIEL RAMEE, forme 2 vol. grande in 8vo, publics eu 8 
cicules. 



6 vols., large 8vo, numerous fine wondcutn, half morocco. 

WIOLET-LE-DUC. — DICTIONNAIRE RAI- 

* SONNE, derArcbUectureFrancaibeduqulnzi^meau seizieme 
si^cle. Paris. 1854>8. 



2 vols., extra imperial folio, price £6 16s. 6d. 

TJ ADIA D’ALTACOMBA. — Storia e Descrizione 

della Anilco Sepulcliro del Real! di Savola, fondita da Amedio 
III. rinnovata da Carlo Felice o Maria Christina. 



79 livraisons in large 4to, 200 ongrarings, £8 ISs. 6d. 

TIELLE ARTI. — II Palazzo Ducale di Venezia, 

^ Illustrato da Francesco Zan otto. Venezia, 1846—1858. 



2 vols. large 4to, 62 very neatly engraved outline Plates, £1 5s. 

pANOVA. — Le Tombe ed i Monumenti lllustri 



2 vols. 4to, 67 elaborntc Plates, £‘1 16s. 

pAVALIERI SAN-BERTOLO (NICOLA).— 

ISTITUZIONI DI ARCIIITETTURA STATICA E IDRAU- 
LICA. Mantova. 



2 vols. imperial folio, in parts of eight divisions, Ac., New and much 
Improved Edition, comprising 259 Plates of the Ihiblic Buildings 
of Venice, plans, elevations, sections, and details, £8 18s. 6d. 

pICOGNARA (COUNT).— Le Fabbriche eiMonu- 

^ monti Cospicul di Venezia, illustratl da L. Cicognara, da A. 
Diedo, e da G. A. Selva, edizione cou copiose note ed aggiunte di 
Francesco Zanotto, arricchiia di miove tavole e della Versions 
Francese. Venezia nello stab. naz. di G. Antonelli a spese degli 
edit. G. Antonelli e Luclmo B.asadonna. 1^53. The elaborately de- 
scriptive text is in French and Italian, beautifully printed. 

Copies elegantlv half-bound in morocco, extra gilt, library copy 
and interleaved, £12 12s. Venezia, 1858. 

Folio, Portrait, and 147 Plates, con.sisting of subjects of public build- 
ings, executed at Veronn, plans, elevations, sections, details, and 
ornaments, with some executed works at Venice, &c., £4 4s. 

■PABBRICHE.— CIVILI ECCLESIASTICHE 

-C E MILITARI DI MICHELE SAN MICHELE disegnale 
ed Incise da RONZANI FRANCESCO e L. 

GIROLAMO. 

John Weale, 69, High Ilolborn, London, W.C. 
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VOREIGN WORKS KEPT IN STOCK AS 

-C FOLLOWS. 



iJarge toiio, comaiuiiiK “ prolusion of Flates ot tho palaces, ttieKtivs, 
li6tel de vllles, and olher public buildings in seTeral parts of 
Italy. Elegantly half-bound in red morocco, extra gilt and inter- 
leaved, £6 6s. 

■UABBRICnE.— E DISEGNI D’ANTONIO 

-I DIEDO, NOBILE VENETO. Venezia. 

36 livi'Aisons, price £1^ ris. 

pALLERIA DI TORINO (LA RE ALE). — 

lllastrata da R. D’AZEGLIO, Memb. dell* Accad., &c. &c. 
Copies, Indian proofs, £18 18s. 

* 0 * Btmnd copies in elegant balf-morocco binding, India prcof, £2.3 2s. 
2 vols. folio, complete, 177 Rlates ut outline elevations, plain, lu 
teriors, details, *Src., first impression, 1^0 francs, half-bound. £6 fia. 

pAUTHIER, M.P., Architecte. — Les PLUS 

'j BEAUX ICDIFICES de la VILLE de GENES et des ses 

ENVIRONS. Pa ris. 1830- 2. 

Folio, 109 Plates of plans, elevations, sections, and details, £2 8s. 

fi RANDJEAN rle MONTIGNY et A. FAMIN. 

— ARCHITECTURE TOSC.\NE, ou palais, maisons, et 
autres ddiHees, de la Toscane. Pans, 1816. 

Oblong folio, containing a profusion of picturesque views of palaces 
and public buildings and scenes of Venice, executed in tinted 
lithography, with full descriptions attached to each. Elegant in 
half extra morocco, interleaved, £4 14s. 6d. 

T7IER, Q.— VENEZIA MONUMENTALE PIT- 

XY TORE3CA. Venezia. 



Large folio, 61 livraisons or 3 vols., with 3 vols. of text in 4to, 
£18 18s. 

T ETAROTJILLY, P. — Edifices de Pome Mo- 

J-i derna. Paris, 1825-66. 

Vine Pfates of the Now Palace of Justice, Senate HoU'»e, dec , plans, 
elevations, sections, doors, &c., details of the several parts, &c., 

M ^'l CHELA, IGNAZIO.— DESCRIZIONE e 

DISEGNI del PALAZZO del MAGISTRATI SllI*REMI 

di TORINO. Torino. 

Large folio, 94 Rlates, bound in extra half-morocco, gilt and intei- 
leaved, price £6 lOs. 

“DEYNAUD, L. — Tiattato di Arcliitettura^ con- 

-Tw tenente nozoini generali sui Princlpii della Construzione e 
BuIIa Btoria dell’ Arti, con anuot. per cura dl Lorenzo Urbanl. 
Venezia, 1857^ 



4 imperial bulky 8vo volumes, printed and publinliert under autho- 
rity, and treats of the early foundation of Venice and estab- 
lishment as a kingdom, its wealth and commerce, and Us once 
great political position, with Plates, £3 3s. 

^ENEZIA. — E le sue Lagune. Venezia, 1847. 



\ ^ENEZTA. — Copies elegantly bound and gilt, 

£4 14s. 6d. Venezia. 1847. ° 

In 2 large folio volumes, numerously and elaborately drawn Plates, 
very well executed in outline, altogether a very fine work. Very 
elegantly half-bound in morocco, extra gilt and interleaved, 
£12 12s * 

A CCADEMIA DI BELLI ARTI. — Opere dei 

-H. Grand! ConcorsI Premlatedall' I.R.Accademladelle Belle; Arti, 
in Hilano, e publicatc, per cura dell’ Architetto, G. ALUISETTI— ’ 
per la Class! dl Ornano— per le Class! dl Architetturs, figure ed 
Omato. Milano, 1825-29. 

John Weale, 69, High Holbom, London, W.C. 
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T^OEEIGN WORKS, KEPT IN STOCK AS 

FOLLOWS:— 



Atlas folio, very fine impressions, complete in 3 parts, Columbier 
folio, £3 13s. 6d Elegantly half-bound in extra moroeeo and 
interleared, £5 15s. 6d. 

A LBERTOLLI, G. — Alcune Decorazioni di Nobili 

Sale ed Altri Omamenti. Milano, 1787, 1824,1338. 



To bo had separately, £1 8s. 

A LBERTOLLI, G. — ^Part III., very frequently 

required to make np sots. 



2 Yols., folio, 80 Plates of the most exquisite kind in colours, far 
superior to any existing work of the present day, £7 lOs. 

TTOFFMAN, ET KELLERHOVEN. — Recueil 

AX ^0 Dessins relatifs k I'Art de la Ddcoration chez tons les 
penples et aux plus belles dpoques de leur civilisation, &c., des- 
Unds b servir de motifs et de materiaux aux peintres, ddoorateurs, 
peintres sur verre, et a>jx dessinateurs de fabriques. 

Price £1 Is. 

XT OPE, ALEXANDER J. BERESFORD, Esq.— 

AA Abbildungen der Qlasgeniiildc in der Salvator-Kirche zn 
Kilndown in der Graffschaft Kent. Copies of paintings on glass in 
Christ Church, Kilndown, in the county of Kent, executed in the 
Royal Establisliment for Fainting on Glass, Munich, by order of 
ALEXANDER J. BERESFORD HOPE, Esq., published by F. 
Eggert, Painter on Glass, MUncben. The work contains one sheet 
with the dedication to A. J. B. MOPE, Esq., and fourteen windows; 
in the whole fifteen, beautifully engraved and carefully coloured. 



In large folio, 80 Plates, containing a profusion of rich Italian and 
other omamenis. Eluant in half-morocco, gilt, and interleaved, 
£6 6s. 

1 ULIENNE, E. — InduBtria Artistica o Raccolto 

di Composizioni e Decorazioni Ornamentaii, come suppellet- 
till, tappezzerie, armature, cristalli, soffilti,carulci,lampade, bronzi, 
ec. Venezia, 1861—1868. 



Prix 60f., in folio, £3. 

T E PAUTRE. — Collection des plus belles Com- 

J-l positions, gravdes par DE CLOUX, Archte. L'Ouvrage eon- 
tient cent planches. Paris. 



This unique collection is in 2 Vois. 4to, had its commencement in 
1812, and contains upwards of 600 rich Designs. Price £3 6s. 

"METIVIER, MONS., Architecte. — The original 

I’-l. Sketches, Drawings, and Tracings, in pencil and pen and 
ink, of executed Works and Proposals, displaying the genius of 
Hons, Metlvler, as sn architect of high attainuients, whose recent 
death was mnch regretted in Bavaria. He was a native of France, 
and was Induced to settle in Munich by the late Duke of Leuebten. 
berg, nnder whose patronage be was much employed in the con- 
struction of private edifices for the Bavarian nobility and gentry; 
and for decoration and fittings of them ; his interiors are still much 
in admiration, lie built a mansion for Prince Cliarles, in a mast 
simple and elegant stjle (in Brienner Street), which is still now 
considered one of the purest buildings of Munich. The above 
Sketches are his professional life and practice. 



Twelve Forts, In small oblong 4to, 60 colonred Platte of DO elabo- 
rately coloured and gilt ornaments. £1 Is. 

ARNAMENTENBUCH. — ^Farbige Verzierungen 

^ fttr Fabrikanten, Zimmeimaler und andere Baugewerke. 
Milnchen. 

John Weale, 58, High Holboni, London, W.C. 
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TTOEEIGN WORKS, KEPT IN STOCK AS 

J- FOLLOWS;— 



410 Plates, in two thick large 4to. Vols., designed and engraved by 
MM. Reister Arget, d’llautel, de Wailly, Wagner, L. Feuebdre 
et Regnier, &c. £5 6s. 



ARNEMENTS. — Tires ou imit6s des Quatre 

^ ficoles. Paris. 



Six Parts, large folio. Plates beantirully coloured. In fac similes 
of the Interiors, Ornnnents, Compartments, Ceilings, i^. 
£2 12s. 6d. Also, elegantly half-bound in morocco gilt, M 4s. 

■pOTTMANN, L. — Ornameute aus den vorziig- 

liebsten Bauweiken MUuchens. MUnchen. 



Very elef^ant. in half red morocco, gilt, and interleaved, £7 Ms. 6d. 

7ANETTI, G.— STUDII ARCHITETTONICO 

ORNAMENTALI, dedicall all’ J. R. Accademia Veneta deile 
Belle Arti, seconda edizione con agguinte del Prof. L. URBANI. 
66 livraisoiis, in imperial folio, about 200 of moat elaborately de- 
signed subjects of Architecture and luterior Fillings, Designs for 
Chimney Pieces, Iron Work for Interiors and Exteriors, Oates and 
Wooden Gates, Garden Decorations, &c., &c., including the Ap- 
pendices. Venezia. 



A Gatalogne, of 40 pages, to be had 
gratis; printed in demy 8vo. 

Export Orders executed either for Prin- 
cipals abroad, or Merchants at home. 






1 



In Atlas of Plates and Tt'xt, l^mOj price 25s. tGgethei% 

IRON SHIP BUILDING. 

with 

PRACTICAL ILLUSTRATIONS. 

BY 

JOHN GRANTHAM, N.A. 



DESCRIPTION OF PLATES. 



1. IIoItoTT and Bar Keels, SUm and j 

Stern Posts. 

2. Side Frames, Floorings, and Bilge 

Pieces. 

3. Floorings continued — Keelsons, 

Deck Beams, Gunwales, and 
Stringers. 

4. Gunwales continued — Lower 

Decks, and Orlop Beams. 

5. Angle- Iron, T Iron, Z Iron, Bulb 

Iron, as rolled for Iron Sbip- 
Bulldlng. 

<1. Kivets, shown in section, natural 
slae, Flush and Lapped Joints, 
with Single and Double Bi- 
veting. 

7. Plating, three plans. Bulkheads, 

and modes of securing them. 

8. Iron Masts, with Longitudinal and 

Transverse Sections. 

9. Sliding Keel, Water Ballast, 

Moulding the Frames in Iron 
Ship-building, Levelling Plates. 

10. Longitudinal Section, and Hair- 

breadth Deck Plans of large | 
Vessels, on a reduced scale. 

11 . Midship Sections of Three Vessels 

of different sizes. 

12. iMrge Vetsel, showing details. — 

Fbre Snd in Section, and End 
View, with Stem Post, Crutches, 
Deck Beams, &c. 



13. Large Vettel, showing details. — 

After End in section, with End 
View, Stem Frame for Screw, 
and Rudder. 

14. Large Vessel, showing details. — 

J/idship Section, Half breadth. 

15. JLachines for Punching and Shear- 

ing Plates and Angle-Iron, and 
for Bonding Plates ; Blvet 
Hearth. 

16. 3Iachinrs. — Garforth's RlveUng 

Machine, Drilling and Counter 
Sinking Machine. 

17. A irFurnooe for Heating Plates and 

Angle. Iron; various Tools used 
in Riveting and Plating. 

IS. Gumcale, Keel, and Flooring; 
Flan for Sheathing Iron Ships 
with Copper. 

19. Illustrations of the Magnetic Con- 

dition of various Iron Ships. 

20. Gray's Floating Compass and Bin- 

nacle, with Adjusting Magnets. 

21. Corroded Iron Bolt in Frame of 

Wooden Ship ; Caulking Joints 
of Plates. 

22. Great ibafem— Longitudinal Sec- 

tions and Half-breadth Plans. 

23. Great Eastern — Midship Section, 

with details. 

24. Great Eastern— Section in Engine 

Room, and Paddle Boxes. 



This Work may he had of Messrs. Lockwood & Co., No. 7, Stationers’ 
Ilall Court, and also of Mr. We ale ; either the Atlas separately 
for H. 2*. 6d., or together with the Text price as above stated, 

Bradbury and Evans, Printers Whitefrlars. 
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